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PREFACE. 



THE subject of electric lighting by incandescence is one 
of general intei-est. Its brilliant pronuses have ex- 
cited the cnriosity and the anticipations of the public 
to a degree almost unprecedented in the history of inven- 
tioD. But beyond the threshold of the laboratory its 
processes are unknown, and iufonnatiun which would be 
of service to experimentalists is withheld. 

My pni-pose in preparing this work is not alone to 
show the 8tat« of the art in its practical applications, 
but also to indicate the direction in which the lalwrer in 
science is most likely to attain success, and to impart an 
accnrate conception of the principles underlying the em- 
ployment of electricity for interior illumination. 

Special description of lighting by the voltaic arc ia 
omitted, for the reason that the subject is fully dis- 
cussed in numerous text-books readily obtainable, and 
because there are few cities in which this form of light- 
ing may not now be seen in opeiation ; while to the 
subject of electric generators, which constitute the be- 
ginning and the end of any system of lighting, consider- 
able space is given. 



6 PREFACE. 

Those who expect to find these pages the vehicle of a 
theory will be disappointed. Those who expect to find 
them devoted to criticism of the labors of other experi- 
mentalists will be equally disappointed. 

In the position of an impartial student and observer 

I have sought less to indicate defects than to exhibit 

accomplishments. 

William Edward Sawyer. 

New York, January 15, 1881. 
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INTRODUCTION. 



■n^lIEN the free ends of two conducting wires c6^^ 

nected with the tei'itiiiials of a galvanic battery, 
or other generator of electricity, are bi-ought together, 
the circuit of the generator is completed, and a cur- 
rent of electricity more or less powerful, according to 
its quantity and electro-motive force, traverses the ele- 
ments of the generator and the condnctor uniting its 
terminals. This condnctor offers a certain resistance to 
the passage of the current which may generally be 
disregarded. The generator offers a considerable resist- 
ajice, and the current appears as heat in Us elements, 
for the reason that the cunent is tlivided between 
the generator and the conductor in proportion to their 
I respective resistances ; and the caloiific effects of current 
in any conductor are proportional to its value in that 
conductor. If, now, we separate the ends of the con- 
ducting wires, the movement of separation involves pri- 
marily a poor connection at the points of contact, and 
a poor connection means lesistance ; hence the former 
relations of the generator and the conductor are dis- 
turbed, and the current being distributed exactly in 
proportion to the resistance of any part of the circuit, 
a less proportion is found in the generator and the 
remainder is concentrated at the imperfect points of 
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contact, where it produces heat sufficient tn fuse and j 
then to vaponze them ; jind as the vajjor of a conductor ] 
is also a conductor of electricity, the current traverses I 
the break between the points of contact, as they arei 
drawn apart, to a distance commensurate with the in--' 
tensity or electro-motive force of the current. The va- 
porized conductor uniting the points of contact con- 
stitutes the voltaic arc, the most brilliant and dazzling J 
of all artificial lights. In the Senin, Siemens, Jabluch- 
koft, Brush, and other lamps, the arc is formed between | 
the ends of carbon rods or pencils ; and the light is more 1 
intense and economical when the distance Iietween thei 
carbons is slight and the cnrrent great in qnantity than 1 
when the reverse is the case. 

The voltaic arc is the most economical of electric \ 
lights; and in the illnminatiun of large open spaces, 
and for all purposes requiring much penetrative power, I 
it will doubtless maintain its supremacy. In many J 
cases of experimental test it has developed a light of'l 
from 1,000 to 2,000 candles per horse-power of force! 
expended in driving the genemtor. the cost of which in I 
large steam-engines is less than one rent jier hour. 

In l>oth the voltaic arc and the incandescent fonns 1 
of lighting the dynamo, or the magneto-electiic, type of a 
generator is now universally employed. Each type ofi 
machine is designed to transform mechanical force into 1 
electricity. The magneto-electric machine is that in | 
which the magnetic field is derived from a permanent! 
magnet. The dj-namo-electric machine is that in which J 
the permanent is replaced by an electro-magnet. Both I 
i upon the same principle^that the cutting of a | 
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line of magnetic force by an endless conductor of electri- 
city, constituting a closed circuit, induces in the latter a 
current whose direction is determined by the direction 
of motion of the conductor, or the direction of polarity of 
the magnetic field. The machines of Pixii, Clarke, Nol- 
let and Van Malderen, Ladd, Wilde, and others are ex- 
amples of both magneto and dynamo-electric generators, 
but they have all succumbed to the superior apparatus 
of the present day. Of these old machines we shall con- 
sider the generator of Wilde as embodying a principle 
which is destined to play an important part in the 
utilization of electricity for the purposes of domestic 
illumination. 
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GENERATORS OF ELECTRICITY. 



rPHE value of a xxjund of coal in mechanical energy is 
about 12,000,000 foot-pounds ; tlie value of a pound 
of zinc is about 1,845,000 foot-pounds. The cost of a 
pound of zinc is about twenty-tive times the cost of a 
pound of coal. With this great disci'epancy between 
the energy and coat of the one and the eneigy and cost 
of the other, and after making due allowance fdr all the 
facts favorable to zinc, it is clear that in electric lighting, 
at least, the period of tisefuluess of the galvanic battery 
has passed, not to return. The discovery by Pai-aday, 
in 1831. of magneto-electric induction, and the construc- 
tion by Pixii, a year later, of the first magneto-electric 
machine, mark the beginning of the era of conversion of 
mechanical power into electricity ; but we shall not at- 
tempt to describe the efforts of the earlier experimenters, 
who, although far in advance of their times, made little 
progress toward the realizations of the present day. Af- 
ter Pixii came Saxton, in 1833 ; Clarke, in 1836 ; NoUet 
and Van Malderen, in 1849 ; and Holmes, in 1852, all of 
whom employed the magneto - electric principle. In 
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1857 the Siemens armature was invented, and subse- 
quently, in 1866, AVilde constructed his remarkable 
machine (Fig, 1). 




The Wilde machine consists of a Siemens armature 
whose electro-magnetic field of force is sustained by an 
exciting machine of the magneto-electric typfe. It ia, 



GENERATORS OF ELBCTRIC'ITV. 



15 



N 



therefore, a double machine, each part of wliich is pro- 
vided with a Siemens armature, whose advantages are 
that it occupies but little space, and may therefore be 
rotated in a magnetic iield of majfimum intensity ; and 
whose disadvantages are the liigh speed of rotation 
necessai-y, and excessive heating by reason - 
of the rapid changes in its molecular strae- H 

tnre consequent upon the rai)idity of its ro- BI 

tation while cutting the lines of magnetic 
force. Between the opposite poles of a com 
pound permanent horseshoe magnet the ai 
mature is placed, and its rotation is effecte<l 
by means of a belt passing over the pulle> 
shown in Pig, 2. The Siemens armatiiip 
has not gone out of use, for its simplicit\ 
and cheapness of construction continue to 
commend it. In electro-plating and labora- 
tory work it finds constant employment. 

Primarily, the Siemens armature consists 
of a roller of wrought or cast iron in which 
deep, longitudinal grooves are cut, whereby 
its section is reduced to a form similar to 
that of the letter H. Ijengthwise in these 
grooves the induction lielix of insulated wire 
is wound. In Fig. 3 we have a section of SrSrtuw. 
the armature and the field magnet polar extensions of 
the lower machine. 

In the upper or magneto-electric machine, the induc- 
tive action is derived from the permanent magnets M, 
whose extremities are in contact with the soft-iron polar 
extensions, m n, forming the sides of a socket within 
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whicli the armature rotates. The cuiTent genei-ated in I 
the ai-matiire-coil flows from the commutator to the 
bintUng-screws p q, which ai-e the teiininals of the laj'ge 
electro-magnet coils, A B, through which Ibe current 
circulates. The lower extremities of the laige ma^et , : 




Ftg. 3. Sectton of 9lem«na 



" "are in contact witli two iron polar extensions, T T, sepa- 
rated by a mass <if diamagnetic metal, i; and the second i 
Siemens amiatnre. of large size, furnishes the current j 
for external use. F is the beai-ing of the annature-shaft. 
A B, M N (Pig. 3) represent the socket within which the J 
armature revolves, the portions A B being of iron and 
M N of brass or other diamagnetic material. By em- 
ploying the current induced in the armature of the super- 
posed magneto-machine to excite the electro-magnet of J 
the lower dynamo-machine, there is established in the 1 
lower machine a much more powerful magnetic field than 
that of the compound permanent magnet of the upper 
machine, and fiom the lower annatnrp a cun'ent of much 
greater power than that induced in the upper armature i 
is obtained. The polarity of the armature is reversed 
at each half -revolution, and the alternately opposite 
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" cnrrents ai-e reduced to a common direction by means 
of a commutator (Pig. 4). 




Fig. L (.■ommi 



Tlie calorilic effects of the Wilde machine, whose prin- 
ciple may be extended indelinitely, are moat i-emarkable ; 
but it should be borne in mind that in no machine can 
the electrical energy evolved exceed the mechanical force 
expended in producing it. 

In the Wilde machine we have the germ of a perfect 
generator. The field of force of the lower armature is 
created and sustained by an invariable exciting current. 
Its intensity, therefore, does not depend upon the resist- 
ance of the external working circuit. The resistance of 
the armature-coils may be a tenth or less of the resist- 
ance external thereto, so that ninety per cent, or more of 
the current generated in the machine may be utilized 
in the production of light. 

Opposed to the principle of Wilde is that of accumu- 
lation by mutual action, in which the currents induced 
in the armature are made to circulate through the coils 
of the electro-magnet that induced them. The magnet- 
ism residual in the iron of the electro-magnet induces at 
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first a weak ciment in the annature-coils, and this, being 
returned to the magnet-coils, increases the power of the 
magnet, and induces in the armature a oori-espondingly 
powerful cun-ent, which is again returned to the magnet- i 
coils ; and this action pi-ogreases until a point of mag- 
netic saturation is attained. The principle of accumu- 
lation by mutual action is employed in the Hafner- 
Alteneck, the Gramme, Brush, Hochhausen, and other 
generators in general use ; and where a single lamp, or a i 
limited number of lamps, is to be operated, it does not 1 
appear advisable to employ an exciting machine, the I 
practical use of the latter being in the lighting of build- 
ings or sections of a city requiring a large number of 1 
ianips and a common source of supply. 

In all accumulative machines increase of resistance in, 
or interruption of, the external circuit at once cuts 
down or destroys the field of force, for the field of force 
is dependent entirely upon the resistance of the circuit, 
and we have the most effective work when the resistance ■ 
external to the machine is sensibly equal to its internal I 
resistance, although it is often possible to obtain satis- ] 
factory results when the external is gi'eatly in excess of 1 
the internal resistance. As the field of force must be 1 
created by the charging-up of the magnet upon its own I 
circuit, it is clear that when we increase the external re- I 
sistance the field of force is weakened, and very soon a I 
point is reached at which the magnet will not appre-J 
ciably charge. Thus it is that a dynamo-machine may i 
successfully operate a single lamp, or a limited number 1 
of lamps, while it will produce no good effect when two or I 
a greater number of lamps are connected in circuit, and I 
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ui order to obtain the best results — /.«,, the maximum 
of light with the minimum expenditure of x>ower — sub- 
stantially hfty per cent, of the current generated is ordi- 
naiily expended in exciting the machine, and fifty per 
cent, in the production of light. Compensating for in- 
creased resistance in the external circuit by increasing 
the speed of the generator above its normal velocity is 



wasteful of jjow' 




The permanent field magnet of the earlier machines 
has generally given way to the more compact and power- 
ful electromagnet, but in the recent invention of De 
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Meritens (Fig, B) the original foiiti of magnet is revived. 
For this uiacUine gi-eat efficiency has been claimed ; and 
that witliin oeitain limits it is an economical generator 
of electricity we have no reason to doubt. The saving 
of the ixjwer expended to sustain the iield of force of 
dynamo-elecl ric machines is, of course, advantageous; 
bat the cost of c^jnstruction, multiplication of parts, and 
cnmbersomeness of large generators designed upon this 
plan will proljably operate against them, as they have 
operated against the similarly-designed Alliance and 
Holmes machines. In construction the De Meritens 
matihine consists t»f a series of grooved armatures, like 
the letter H, joined side by side and mounted upon the 
periphery of a diamagnetic wheel, ho as to constitute an 
iron ring in sections, provided with as many projections 
as there are distinct pieces. In the bottom of the 
grooves the armature coils are wound ; and the whole is 
rotated within the fields of force of a series of i>owerfuI 
steel magnets, built up of thin plates and supported in a 
circular frame. The methods of atljustment of parts 
employed by Be Meritens are simple and effective. 

The Lontin distributor (Fig. 6) is one of several 
new forms of generators, embodying the principle of 
Wilde, designed to operate a considerable number of 
lamps from a single source. The exciting machine is 
of the dynamo-electric type, and consists of an elec- 
tro-magnet between the poles of which revolve a nom 
ber of radially-arranged bar electro-magnets const 
tuting the annatures. The euiTent produced is emJ 
ployed in sustaining the fields of force of the distributor^ I 
which consists of a large, stationary, soft-iron ring, F, i 
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which are secured eqiiidistantly a series of short electro- 
magnets, B, equal in number to the electro- magnets, M, 
of the inner revolving wheel. The revolving magnets, 
which are connected in multiple circuit, are charged 
by the exciting machine and conRtitntp the fields of 
force. As the end.s of the revolving magnets present 




fltemately opposite poles to the poles of the stationary- 
magnets, alternating currents are induced in the latter, 
and as many separate lamps may l>e worked from a 
single distributor as there are electro-magnets B, 

Regarding the performance of the Lontin distributor, 
it is stated that in the small machine the light obtained 
per horse-power of mechanical force expended is from 
400 to 600 candles, while in a larger machine, having a 
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capacity of 12 lights, and consumijiff twelve horse-power, 
the light obtained per horse-power is from 600 to 760 
candles. A generator used at the i-ailway station at 
Lyons fed 31 separate lamps, each having an illuminat- 
ing power of 340 candles, but the value of the mechani- 
cal energy expended is not known. 




The Sawyer distributor (Pig. 7) bears a certain resem- 
blance to the Lontin machine, but is based upon a dif- 
ferent principle of action. 
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It is a well-known fact that for every magnet there 
is a point of niaximnm sustaining power. Taxed be- 
yond that point, the magnet will no longer snstain its 
armature. Suppose that we have a magnet, N S (Pig. 8), 
whose ai-mature or armatures, A, re- 
quire all its power to sustain Ihem. If, 
now, we bring to the magnet a third 
armature, B (Fig, 9,), greater in mass 
than either of the Si-matures A, both 
armatures A will fall off, becauae arma- 
ture B, of greater mass, operates to 
magnetically short-circuit them. If we 
have, surrounding annatnre A, a coil of 
insulated wire, when we approach the nnuturee. 

magnet with armature B a cun-ent of electiicity is in- 
duced in tliat coil ; and when we move armature B away, 
armature A being within the mag- 
netic field, a current of opposite 
direction is induced in the coil. 

In the Sawyer distributor both 
the field magnets and theii' induc- 
tion armatures ai-e stationary. To 
the inner periphery of an iron ring 
are fixed a series of electro-mag- 
nets whose coils, joined together, 
are fed by an exciting machine. 
Bolted to the sides of the polar 
extensions of the magnets by means 
of brass screws, and prevented 
kftom magnetic contact by brass plates, C, are the soft- 
f iron armatures B, whose coils are connected ^v^th the 
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lamps to be operated. A soft-iron armature, D, dft-J 
signed to short-circuit the magnetic force of the field 
magnets, is rapidly rotated, its pi-ojections approaching 
almost to contact with the polar faces of the field mag- 
nets. The cross-section of J> is much in excess of the 
cross-section of B ; consequently, when the former is in 
the position shown, the magnetic force is almost entire- 



-It 






Fig, iO, The Steifj- Machine, 



I 



ly shoi-t-circuited from B, As the position of the pro- 
jections of D is changed, the magnetic force of the field 
magnet is directed throngh the armatures B, and a cur- 
rent of electricity of one direction is induced in their 
coUs ; as the projections assume the position shown a 
current of the opposite direction is induced. By means 
of this generator a large volume of electricity is obtain- 
able, but in effective action it seems to be inferior to 
some other generators. 

The Seeley machine (Fig. 10), which appeared in 
the year 1880, contemplates an armature entirely of 
copper wire or ribbon {the iron core being discarded"), 
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in order that loss of power consequent upon its conver- 
sion into heat, and the injurious effects of Foucault cur- 
rents, may be avoided. P and G are electro- 
magnets arranged with the N pole of one 
magnet opposite to the S pole of the other. 
The space between each opposite jmi" of 
Xwles is from one-foiirth of an inch to an 
inch, and in this narrow space, constituting 
a concentrated and intense maenetic tield, J"^"' **" 

~ ' lej Machine. 

the radial wire armatiires A are rotated. The 

method of winding the armatures, which are held in 




K'plBfe by a central clamping device, C C, fixed to shaft 
|D, and an outer clamping-ring, B, is shown in Pig. 11. 
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The shaft of the machine is rotated by means of pulley 
E. In practice there are six magnets on each side of 
the armature-disk, and twelve armatures. 

A form of alternating-current machine, the same in 
principle as the Seeley machine, was devised by Sie- 
mens and Halske in 1878, and consists in one form of 
a central disk carrying coreless wire helices (Fig. 12). 
This disk is rapidly rotated between two sets of electro- 
magnets whose fields of force are sustained by a small 
Siemens continuous-current machine. 



." 



CHAPTER II. 

GENERATORS OF THE URAMME TYPE. 

AF dynamo-electric generators none are better known, 

or more extensively employed, than those of M. 

Gramme, whose invention has excited the interest of 

the scientific world since its first presentation to the 
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French Academy of Scieuces in 1871. The essential fea- 
ture of the Gramme machine (Fig. 13) is a soft-iron ring 
wound throughout, in the same direction, with a con- 
tinuous insulated copper wire, the tenninala of which 
are joined together, so that the whole constitutes an 
i wire helix iFtff. M). 




In order to arrive at an understanding of its opera 
tjon, let us suppose that the wire is denuded upon th^ 
periphery of the helix, thus foi-ming a band, corap 
of bared sections of the wire, running around the outei 
circumference of the ring. In this we have one elemenl^ 
of tlie commutator, the other of which is composed oW. 
the collecting brushes, M M', which make connectiol^ 
with the bared sections of the helix. Wlien the ring ] 
]ih)ced between the poles, S N, of any magnet, the rii^ 
constitutes the armature of that magnet, and there occur 
in the ring two consequent poles, S' N'. If the ring is 
now revolved the i)oles developed in the ring remain in,-_ 
variably in the same relation with respect to the maj 
poles, N S. "Whatever may be the rapidity of rotatiM 
the ring poles, N' S'. remain fixed in space and each i 
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of the copper helix successively traverses them. It is 
apparent, therefore, that the helix will be the seat of a 
current of one direction when traveling the path M S M', 
and of the inverse direction when traversing the path 
M' N M ; and the part of the helix above the line M M' 
will be traversed by a current of one direction, and all 
parts beneath the line by a current of inveree direction, 
precisely as in the ease of two galvanic batteries, each 
comiKised of an equal number of elements, coupled in 
multiple or opposition. The two currents are equal and 
opposite and balance one another. 

Generally the ring is made of iron wire (Fig. 15), 
and in pi'actice the helix 
is not denuded for the 
purpose of establishing 
current-collecting faces, 
but is divided into short 
coils 80 connected as to 
constitute an endless coil 
wound in one direction 
around the ring, the con- 
necting wires between 

tit!, la. ArmHmre III uramnip MsclUii';. 

the coila being connect- 
ed with substantial insulated pieces nearer the shaft, 
which, together with the coUecting brushes, compose the 
oommutator. In the Gramme machine there are no sud- 
den reversals of polarity in the ring, but a continuous 
progressive movement of the consequent poles, which are 
subject to displacement in respect of the poles of the 
magnet in proportion to the velocity of rotation of the 
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To produce a successful Gramme machine, it is ne- 
cessary to provide the maguet with polar extensions 
overlapping from two-thirds to five-sixths of the outer 
periphery of the ring, and the distance between the 
iron of the ring and the faces of the polar extensions 
presented to its outer jjeriphery should in no case ex- 
ceed one and a half Inches, and in small machines 
should not exceed one-half inch. The helix must l>e 
wound so as to bring the layei-s of wire within this 
space, and tlie polar faces should be in as close proxi- 
mity to the outer periphery of the helix as may be com- 
patible with safety in mechanical construction. 

In the Gramme, as in aU other machines provided with 
iron induction-cores, the heating of the armature- 
coils is often a serious defect, especially when the vdo- 
city of rotation is great and the resistance of the ex- 
ternal circuit low ; and in some machines the heat de- 
veloped is BO great as frequently to be destructive of the 
insulations. Many attempts to obviate excessive heat- 
ing have been made, attended with a greater or less de- 
gree of success, the most common of which is by increas- 
ing the number of armatures in re8i)ect of the number of 
magnets, as in multisectional machines. Another method 
is to run a stream of water through the shaft of the 
armature ; or, as in the Hochhausen electro-plating 
machine, to run the entire armature in a water-box, the 
armature-helix being carefully insulated ; or, as in the 
Sawyer machine, to cause the wafer to flow throughout 
the interior mass of the iron. A third method is to so 
construct the armature as to subject it to the free circu- 
lation of currents of air. 
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In the Maxim machine (Fig. 16), the last-described me- 
thod is employed. This generator, which has recent 
]y been introduced and successfully oj^erated in New- 
York and other cities, is based upon the Gramme 
principle as to its armatui-e, with some changes in 
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TUe Maxim Macl 



tile cons fraction <il' the ring, which is composed < 
a large number of thin tianges of soft iron arranged 
side by side so as to form a tube or hollow cylinder 
of considerable length, through all parts of which 
the air is free to circulate. The electro-magnet is sim- 
ilar in construction to the compound magnet of Dr. 




Siemens. No compaiisons of the efficiency of the 
Maxim machine with other generators have been made ; 
but unless the resistance of the external circuit is low, 
the armature is not heated so highly tliat the hand 
may not be placed upon it. 

In some respects similar to the Gramme ia the Brush 
macliine (Fig. 17), whose extensive employment through 
out the United States has demonstrated its efficiency in 
the production of a series of voltaic arcs. Tlie Brush 
armature consists of a tiat ring of soft caat-irou revolv- 
ing in its own plane, Tliis ring is composed of two or 
more parts, insulated from each other, and each provided 
with a series of grooves designed to prevent the induc- 
tion of currents in the iron of the ring itself, and to con- 
fine the action of the field of force to the generation of 
currents in the eight helices with which the ring is 
wound. The stationary electromagnets face both sides 
of the armature In the plane of its rotation, the faces of 
the magnets opposite to each other being of the same 
polarity ; hence the soft-ii-on ring consists, as in the 
Gramme machine, of a compound semicircular magnet 
whose poles, fixed in space, are constantly changing in 
respect of .the mass of the ring. In the arrangement of 
the armature-helices, however, the Brush machine differs 
essentially from the Gramme. They ai-e not connected 
together to foiin a continuous circiiit, but each pair of 
diametrically opposite helices is connected with diame- 
trically opposite segments of the commutator, which 
segments are not connected with any other helices. 
Thus each pair of helices is entirely independent of the 
others. The object of this arrangement is to remove 
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from the circuit of the macliine that pair of helices " 
which, at the neutml point, not only contributes nothing 
in useful effect, but adds to the internal resistance of the 
machine. Thus in the Brush machine three-fourths of 
the armature-helices only ai'e included in the circuit at 
any one time. 

Various sizes of the Brush generator are manufac- 
tured, the sixteen-light machine being employed to a 
considerable extent in the lighting of streets, wharves, 
hotels, and factories. The resistance of the useful ar- 
mature-coils is from four to six ohms, and the i-esistance 
of the magnet-coils from six to eight ohms, making the 
total internal resistance of a sixteen-light mat^hine from 
ten to fourteen ohms. The resistance of the external cir- 
cuit is the sum of the resistance of all the liimps, the in- 
ternal resistance of each of which varies from one to 
live ohms. It is stated by the manufacturers that the 
sixteen-light machine (the diameter of whose armature is 
twenty inches, and length of base sixty -eight inches), 
driven at a speed of 75(1 revolutions per minute, absorbs 
about one horse-power ]>er lamj). In his statement of the 
efficiency of his system, Mr. Brush says that as many as 
33 lamps have been operated simultaneously in the cir- 
cuit of this machine at a speed of 800 revolutions, with 
an arc of appreciable length in each lamp ; but the total 
light produced was less than half that .obtained when 
sixteen or seventeen lamps were employed. 

The investigations of the Franklin Institute as to the 
relative efficiency of the Gramme and Brush machines 
(1877-78), in maintaining the voltaic arc, resulted in the 
following determinations : 
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"The Gramme machine is the most economical, con- 
sidered as a means for concerting motive power into elec- 
trical current, giving in the arc a useful result equal to 
38 per cent., or to 41 per cent, after deducting fiiction 
and tlie resistance of the air. In this machine the loss of 
jKjwer in friotion and local action is the least. The lai^e 
Brash machine comes next in order of efficiency, giving 
in the arc a useful effect equal to 31 per cent, of the total 
power used, or 37i per cent, after deducting friction," 

As the result of the Franklin Institute experiments it 
was shown that the Brash machine, at a speed of 1,340 
revolutions per minute and consuming 3.26 horse-power, 
developed a light of 1,230 standard candles, or 377 can- 
dles per horse-power ; while the Gramme machine, run at 
a speed of 800 revolutions and consuming 1.84 horse- 
power, produced a light of 705 candles, or 383 candles per 
horee-power. In running 25 miniites the Brush machine 
increased in temperature from 73J° to 88° Fahr. The 
internal resistance of the machine was .483 of an ohm, 
and the resistance of the lamp .54 of an ohm. The in- 
ternal resistance of the Gramme machine was 1 . 669 ohms, 
f and the resistance of the arc 1.87 ohms. 

Underlying the principle of the Gramme generator, 

I but coming to general notice subsequent to the inven- 

I tion of Gramme, is the Pacinotti ring machine, de- 

I vised by Dr. Antonio Pacinotti in 1860, and described in 

I the June number of the Italian scientific journal, II 

Ifuovo Cimento, four years later. The Pacinotti ma- 

cliine (Fig. 18) was the first machine to produce a current 

of electricity contintious in character and constant in 

direction and intensity ; and it differs from the Gramme 



I 
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in principle solely in that the revolving ring is pro- 
vided with projections, aa in the Brash machine, 
between which the endless helix ia wound. Although 
the design of Pacinotti was to produce an electro-mag- 
netic engine, he clearly described its conversion into a 
generator cajmble of xirodiiciug, iu combination with a 




^rmanent or an electro magnet, a continuous current 
of constant direction. The chief improvement of Gramme 
consisted in omitting the projections upon the ling, and 
covering the entire mass of iron with the wire helix ; 
hut the percentage of gain from this change in con- 
struction is not known. In general construction, how- 
ever, the Gramme generator is new, and sujaerior to the 
Pacinotti ring machine, 




CHAPTER III. 

- GENEHATORW OF THE NEW SIEMENS TYPE. 

T'OLLOWING the generator of M. Gramme comes the 

equally remarkable invention of v. Hafner-Alteneck 

(Fig. 19), generally known as the New Siemens machine, 

the compound electro-magnet of which has the flat shape 




of the magnet of the Wilde midline In this generator 
the armatnre consists of a lung, aoft-iron, hollow drum 
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rotating between the cnrved polar faces A of tie electro-' 
magnet B. TMs drum is wound longitudinally, and in a 
peculiar manner, with insulated wire, covering all parts 
of the same, and connected, at different points, with the 
insulated commutator segments, in such a manner that 
the coil is a continuous one, endless as in the G-ramme 
machine, but not wound or connected in the same man- 
ner. When the armature is caused to rotate, a current 
is induced in the armature-coils, and the magnet is 
cited, upon the principle of mutual action already 
scribed. 

The smallest-sized Hafner-Alteneck machine is 698"™ 
in length, 573™ wide, and 233°™ high ; the drum 
ggynini JQjig^ and carries 38 wire coils and a commutai 
divided into 58 ];>arts. Its weight amounts to 115 kil( 
grammes ; the maximum velocity of the drum, 900 re- 
volutions per minute ; and the intensity of the light pro- 
duced, 1,400 standard candles. One and a half horse- 
power is required to run it. The medium-sized mi 
chine differs in construction but slightly from the above.j 
It is 757"" in length, 700"" wide, and 384™ high ; th< 
drum has a length of 456°™, and is also wound with 38 
colls. The commutator is, therefore, also composed of; 
56 pieces, upon which wire collecting brushes are mad< 
to press. The machine weighs 200 kilogrammes, ant 
produces, at its maximum velocity of 700 revolutioi 
per minute, a light of 4,000 candles, and absorbs threei] 
and one-lialf horse-power. 

In the South Foreland lighthouse experiments, coa- 
ducted by Prof. Tyndall, the lelative efficiency of th»; 
Gramme and the Hafner-Alteneck machines was mado;^ 
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the snbject of special investigation. It was found that 
«t a speed of 420 revolutions per minute, absorbing 5.3 
iorse-power, the Gramme machine developed a light of 
candles per horse-power. The largest Hafner-Alte- 
Beck machine, at 480 revolutions and abaorbing9.8 hoi-se- 

KJwer, developed 911 candles-light per horse-power; 

rhile a smaller machine, at 850 revolutions per minute. 

jbsorbing 3.5 horse- power, developed 954 candles-light 

ler horse-power. A second small machine developed 
for a brief period 1,254 candles-light per horse-power. 
In another form of the New Siemens machine {Pig.20), 




Se iron annature core is stationary, and the coils of 

3 are fixed upon and rotate with a cylinder of Ger- 

1 silver surrounding, but not touching, the core. In 

Schellen's description of this form of generator, 

khich is most complete, he illustrates the fact that when 

^6 annature-core moves in a magnetic field, such motion 

levelops induced, or so-called Foucault, currents, which, 

[ not conducted away, become transformed into heat, 

i thus, according to tlie circumstances of the case, give 
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rise to a considerable heating of the metallic bodies in 
motion. As long, therefore, as the iron core revolves 
with the coiled dnim through the magnetic field, these 
cniTents are not to be avoided, though they may be di- 
minished to some extent by constructing the armatni 
of coils of iron wire instead of massive iron. It was, 
therefore, determined to secure the iron armature inside 
the drum, and so prevent it from taking part in the mo- 
tion of the latter. As a matter of course, this renders 
the construction of the drnm much more complicated, 
especially when it is con,sidered that the long drum, 
with its surrounding coils of wire, lias to be moved 
through the narrowest possible apace between the polar 
feces of the electro-magnet and the stationary iron coi 
In the engraving, which is composed from Dr. Schi 
len's work, we have a horizontal section of the machine," 
showing the thin German-silver drum upon which the 
wire is wound. Each terminal face of the drum carries 
a short tube, which tubes form the trunnions of the 
drum and lie in boxes provided with oil-cups. An iron 
shaft, secured by means of screws in its supporting pil- 
lars, passes through these tubes into the interior of the 
iron armature, where, by means of two disks bolted to 
each other, the armature is fastened to the shaft. The 
drum is surrounded on the outside, at two opposite 
places, for about two-thu'ds of its circumference and 
over its entire length, by the two curved polar faces of 
the magnet. These are placed as closely as possible to 
the wire surrounding the German-silver drum, and form, 
with the stationary hollow iron interior core, a narrow 
annular space, constituting the magnetic field, throi 
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which the drum, with its snrronnding wires, must pass 
£a rotation with the utmost possible fi-eedom. For seve- 

I reasons tliis fomi of the New Siemens machine has 
felled to yield results sufficiently satisfactory to war- 
rant its manufacture in place of the simpler form in 
which the iron cylinder rotates with the surrounding 
coils. 

The defect of the Hafner-Alteneck machine, as was the 
case with the Wilde machine, is found in excessive heat- 
ing of the armature, and this is frequently so great as to 
destroy the insulations. Indeed, injurious heating is the 
defect of nearly all generators, for the local action of 
dynamo-machines is analogous to the local action of 
galvanic batteries, and the temperature must continually 
inci-ease until the loss by radiation and convection equals 
the amount of heat produced. If a machine, through 
running, acquires a high temperature with a proper ex- 
ternal resistance, its efficiency is low, and any heating 
whatever reduces its efficiency. Thus the large Brush 
machine at the Franklin Institute, in running 25 minutes, 
increased in temi>eratui'e from rai° to 88° Fahr., and in 
its internal resistance from .483 to .493 ohm. In ma- 
chines of the niifner-Alteneck type the heat produced is 
■such more marked and injurious, and the various im- 
provements upon or modifica-tions of the same, as in 
the Hochhausen, Thomson and Houston, Weston, Edi- 
oon, and the Sawyer generators, have in view the ob- 
TJation of this evil. 

Tiie- Edison Machine (Pig. 21) has recently attracted 
nuch attention. Tlie compound electro-magnet of Sie- 
mens is replaced by a long and powerful simple electro- 
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magnet, and in constructing the armature the hoUoi 
drum is modified. In efflciencj" the Edison generate 





Fig. SI, The Ediaon Muchine. 

properly constructed, would seem to be equal to s 
of the Hafner-Alteneck form, although we have no d 
upon which to base a conclusion. The armature! 
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istrncted in two ways. lu the lirst, of which Fig. 22 

a sectional end view, a helix of ii-un wire, wound like 

thread upon a spool, suirounda a wooden 

or other diamagnetic roll. This helix con- 

Btitntea the core of the armature. Over it 9 

insulated coils are wound as shown in 







I 




I 



In the second form of EdLson armattire, tun. 
It is composed of a large number of thin, sofWron flanges, 
similar to those used in the Maxim macliine, and a fi'ee 
drcnlation of cuiTents of air. 
to avoid deatrnctive heating, is 
provided. 

In the Sawyer machine, of 
'■which Fig. 24 is an illustration, 

the componnd magnet of Sie- Pig«t. sidevi.n a(AniiHiu«, 
mens is discarded, and a simple Wilde electro-magnet of 
cast-iron is substituted thei-efor To somi-p rli.' iniixi- 
mvim of magnetic power the 
limbs of the magnet mrrease in 
thickness as lhe\ approach tin 
base {Fig. 25i. To tlie up] i 
ends of the magnet limbs cist 
iron polai' extensions are bolted 

The generator shown in the il 
loBtration is the smallest size < 1 
machine, the amiituie being ' 
inches in diameter, and, as in 
other similar machines of small 

size, the armature-core consists of a substantially solid 
roll of malleable iron. In large machines the armature. 
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like that of the Hafaer-Alteneck machine, is in the form 
of a hollow dnim. 

To prevent heating, the malleable iron roll is con- 
strncted as shown in the sectional end and side views, 
_Rg. 26. Around a Beries of wrought-iron tubes, B, the 




► 



at Arnumre-Con. 

iron A is cast, and over the ends are secured malleable 
iron caps, D. Tlie shaft C is hollowed out a portion of 
its length from eaoli end, and provided with openings 
into the spaces enclosed by caps D. All the joints are 
water-tight. By means of a closely-fitting, thougli loose, 
entrance-pipe, a small stream of water is let into one end 
of the shaft and jmssea in the direction of the arrow into 
the cap space, thence through tubes B, and outwardly 
through the opposite cap space, the hollowed shaft, and 

closely-fitting waste-pipe. 

The armature of the larger machines is illustrated in 
Pigs. 27 and 28. Upon the shaft A Is fixed a brass 
cylinder, B, which is water-tight as to the inner cham- 
ber. Over this cylinder, and leaving a space between, is 

;ed the iron drum I), whose caps, 0, are keyed to the 
it. In the annular 9i>ace thus formed between cyUn- 

(r B and drum D the water circulates. 
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speed of 1,000 revolutions 
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per minute by a belt one ^^.„_^A,^^Z.oii^A^.^. 
inch in width, yields a light 


by the voltaic arc of 500 candles, and by incandescence 
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176 candles. No deduction is made for the element 
lot friction, the jwrcentage of which in small machines 
I large. 




The following table, compiled from a series of testa 
made in November, 1880, shows the average temperatures 
observed at the beginning and end of three hours' run- 
ning, operating a closed circuit : 
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Bednction of the temperatnre of the armature below 
that of the surrounding air was so entirely unexpected 
that on November 22 a prolonged test of the No. 2 ma- 
chine, wound with a different size of wire, was made. 
The internal resistance of the machine was found to be 
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1.27 ohms, and the resistance of the external circuit .9 
ohm, making the total resistance 2,17 ohms. The dura- 
tion of the test was from 9.30 a.m. until 9 p.m. Obser- 
vations were carefully made both at the beginning and 
end of the run, and at intermediate intervals, with the 
following result : 



o'lXch'nr 


Eb^J^^ 


t.mperatur. 
[or. .KIuiDg 


trmpentun of 




mignFL^Dils 


73- F. 


73l'F. 


SS-F. 


67- F. 


S7l- F. 


76- F. 



In every case the temperature of the armature is found 
to decrease, although the larger sizes of machines have 
not been subjected to thermometric measurement. 

There is some diversity of opinion regarding the best 
method of winding the Hafner-Alteneck armature. Very 




little is generally known about the subject, except that 
there are several methods, none of which have ever been 
made very clear. A method of winding, substantially as 
good as any, and one that has been used in both the Edi- 
son and the Sawyer machines, is illustrated in Fig. 39. 



UENEKATUIIS OP THE SBW SIEMENS TYPE. 



The armature is tlivided into, say, 28 equal sections, 
and the requisite number of convolutions of the wire, al- 
ways the same, is wound in 14 separate coils longitudi- 
nally around the drum, closely together, and with the 




L ends left free, in the manner shown. The coil No. 2 fol- 
' lows coil No. 1, and coil No. 3 follows coil No. 2, and 
80 on until the 28 sections (14 on each half of the dram) 
are tilled, the + sign representing the starting end and 
the — sign the termination of the wire composing each 
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coil. Covering of the drum with asbestos-paper to en- 
sure proper insuiation is advisable, and in order to facili- 
tate the winding it is useful to insert temporary guiding- 
pins at the ends and middle of the drum, on the lines 
dividing the sections. Accurate laying of the wire is 




essential. After winding, the coils are bound to i 
drum by fine brass wires wound so as to form a band™ 
around it, and soldered. There should be several 
such bands at different points along the length of the 
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F^Tum, protected from contact with the wire of the coils 
T ty interposed bands of mica. To the free ends of the 
f coils, through a sleeve on the shaft of the machine, the 
Liourteen commutator segments are connected as shown 
I in Fig. 30, in which A is the shaft, B insulating disk, 
r C C commutator segments, and D D coUecting brushes. 

In some cases it is preferable to superpose coU No. 2 
[ upon coil No. 1, etc., as shown in Fig. 31, in which case 
the drum is divided into fourteen sections. The connec- 
, tions of the commutator segments, as will be seen, re- 
main the same. 
The collecting brashes bear seriatim upon commutator 
8 ; 9, 9 ; 3, 10 ; 4, 11 ; 5, 12 ; 6, 13 ; 7, 14 ; 8, 
; 10, 3 ; 11, 4 ; 12, fi ; 13, 6 ; 14, 7 ; j^nd in each 
l;of the respective positions the circuit of the armature- 
KcoilB, the sections of which now constitute a continuous, 
■endless conductor, is as shown on page 52 : 





Generally, it is advisable to divide the armature-coil 
I into as many sections as may be consistent with the 
Ipractical mechanical construction of the armature and 
■commntator, in order that the coil may cut the lines of 
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magnetic force the greatest possible number of times in 
a single revolution of the armature. 
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1 Segment of 
commutator in 
contact with ist 
brush. 
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Direction and division of the multiple circuit from brush 

to brush. 
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The method of winding the armature devised by Herr 
Frolich (Fig. 32) comprises sixteen vertical conductors 
arranged in pairs at the point of a regular octagon, and 
crossing the octagon by the diagonals at one end of the 
armature, and by long chords, crossing in the form of an. 
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eight-pointed star, at the other. In the method dis- 
covered by M. Br^gnet (Fig. 33), the portions of the 
coils which cross the ends of the annatiire to unite 
the sixteen vertical wires cross the octagon along short 
chords. 



CHAPTER IV. 



INCANDESCENT LAMPS. 



PRODUCING light by heating s 
electricity to incandescence is i 



. poor condnctor i 
I favorite conception 
of experimentalists, and numerous attempts have been 
made toward its practical realization. In nearly every 
instance these attempts have resulted in failm-e, not so 
much because of any inherent defect of principle as be- 
cause of imperfections in the details of construction and 
operation. 

Lighting by incandescence involves a principle as aim- 
pie as lighting by the voltaic arc. The conductor ren- 
dered luminous is of poor conductivity, or, in other 
terms, of high resistance. The resistance of the wires 
connecting it with the generator of electricity may be 
disregarded. Therefore the current generated is divided 
between the generator and the poor conductor exactly 
in proportion to their respective resistances ; and as the 
latter is contained in small compass, the current is con- 
centrated at a small point and there produces calorific 
effects sufficient to yield light. 
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When a body is at the temperature of 1,000° 0. we 
have the heat -rays : 

tAt 1,200° we have the orange raya. 
"1,300° " " " yellow rays. 
" 1,600° " " " blue rays. 
" 1,700° " " " indigo rays. 
" 2,000" " " " violet rays. 
Above 3,000° C. we have all the rays of the sun. In 
incandescent carlion lighting the conductor is raised to a 
temperature much in excess of 2,000°. 

Many conductors may be employed in the production 
of light by incandescence ; and it is a cmioua fact that 

» experimentalists have almost invariably followed a beat- 
en course, passing from one metal to another ; from pla- 
tinum to iridium and iridio-platinnm ; from the metals 
to carbon-coated and intermixed asbestos and other re- 
fractory materials ; and finally to carbon alone. As 
^^ carbon, pure and simple, has been clearly determined to 
^MK the only suitable substance, we shall leave out of con- 
^Vdderation all other conductors of electricity. 

There are two types of incandescent lamps in use, 
those which burn in the air and those in which the lu- 
I minous conductor is encldsed in a globe exliausted of 
^KBir or containing an atmosphere of nitrogen or other gas 
^Kbr which carbon at high temperatures has no chemical 
I affinity. The open-air lamp is subject to so many ob- 
jections that it is doubtful whether it will ever be 
BuccessfiiUy employed ; but the efforts of Henier and 
■Werdermann have done much towards reducing it to 
ictical form. The Renier lamp (Fig. 34) consists of a 
bng pencil of carbon continuously fed between an elas- 
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tic contact to a bearing upon a carbon roller at a point 
between the vertical and the horizontal. The upper or 
elastic contact compresses the pen- 
cil latex-ally, and one terminal of 
the conducting wire is connected 
with this contact. The other ter- 
minal is connected with the carbon 
roller. Tlie pencil, being consumed 
at the lower extremity more rapid- 
ly than at any other place, di- 
minishes in length, and tliis di- 
minution is compensated by the 
continuous downward feeding of 
the jwncil. Rotation of the car- 
bon roller to carry away dead 
fragments of carbon is obtained 
from the tangential component of 
the pressure of the pencil on the 
periphery of the roUer. 

The Werdermann lamp (Fig. 35) 
is the reverse of the Benier lamp 
in construction and operation. In 
this lamp the carbon pencil is fed 
npward, through an elastic con- 
tact, by means of a weight or 
spring, against a solid stationary 
block of carbon. 

Both the Eenier and the Wer- 

, , , Fig. 34. Henier'a Lamp. 

demiann lamps, under proper con- 
ditions, should yield a higher percentage of light per 
horse-power than lamps in which the carbon is proteota 
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■om oxygen ; but in botli these lampa the constant re- 
newal of the carbon pencil and points of contact neces- 
sary are objections to be surmounted, 
I The earliest attempt to iaolata an inc-andescent carbon 
L conductor from oxygen appears to have been made by 
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Fig. 36. TliH Wurdetiiisuu 



Starr in the year 1845 ; * and it is a matter of some sar- 
prise that this patient investigator, whose conception 
included the entire range of divisibility of the light, 
fihoold have stopped Init little short of realizing a prac- 
ticable system of lighting. The Starr-King burner (Pig. 



* Starr-King ; Euglisli patent No, 10,919, 1845. 



* 
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36) consists of a conducting wire, D, sealed in the glass 
of a Toricellian vacuum-tube, and connecting with a car- 
bon rod, A, wliose lower extremity is in contact with a 
second conductor resting in the quicksilver. The bar 
B, of porcelain, serves as a support for the apparatus. 
For several reasons this lamp could not have been a 
successful one, as will be made cleai- in another chapter.* 
In 1873, nearly thiity years latei", came the invention 
of Lodyguine,t a Russian physicist, who was awarded, i 
daring the subsequent year, the great prize of the St. I 
Petersburg Academy of Sciences. The Lodyguine 
burner consisted of a single rod of carbon diminishing 
in section at the incandescent part ; and two or more of 
these rods were placed in a globe provided with an ex- 1 
tenor rheotome, in order that the current might bea 



* The Starr-King Eystem of lighting included a generator of electri'J 
city soma of the dBvioea of which are variously used at the present day. \ 
The following aummarj of the leading points of Starr's ^English patent, ] 
taken out hy King in 1848 (No. 11,188), and entitled " Improvements in 1 
the Production of Blagiieto-Eieetrieity," is of interest 

1. The principle of the niachina consists in revolving between the polesl 
of permanent magnets, arranged radially, a disk having near ita edg^l 
bobbins with Iheir axes puralle! to tie axis of rotation, 

2. Winds around the iron cores a continuous flat atrip of copper, in- 1 
serting cotton between each layer to insulate. 

8, Collects the current from the separate bobbins with separata springy J 
to allow of subdivision, if necessary. 

4. To prevent neutralising currents being induced i 
other metallic plate which forms the wheel carrying the armatures, a J 
saw-cut is made from the edge to the hole in which the a 
scrted. 

5. Attaches a soft-iron bar to the inducing magnets, fry that they maf J 
each act a second lime on any armature during each n 

t Meanwhile both Shepard in 1850, English patent No. 18,803, and i 
Roberts in 1852. English ])ii.tent No. 14,108, invented and experimented j 
with incandescent carbon lamps. 
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passed through a fi-esh carbon when one should liave 
been destroyed. Unaccountably, lodyguine has been 
severely criticised by many writers, wlio have pro- 
nounced his apparatus the least practical and the least 





P]g.3r. The Konn Lamp, 

Studied of all ; whereaa it was the most practical and 
the most studied of all that had preceded it, for Lody- 
gnine recognized the value of a perfect connection with 
the incandescent portion, such as results from enlarge- 
ment of thf carbon at the points of contact with the 
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conductors It^ading to it, and he provided for the inev- 
itable destruction of the rod by arranging another to 
take its place. 

After Lodyguine came Konn and Kosloff, whose in- 
ventions do not differ essentially, although the Konn 
lamp of 1875 (Fig. 37) was perhaps the more practicable. 
This lamp consists of a base, A, in copper, on which are 
fixed two terminals to which the conductors are fas- 
tened ; two bars, C D, in copper ; and a small valve, K, 
oi>ening only from within outwards. A globe, B, ex- 
panded at its upper part, is clamped to the base by 
means of a collar, L, pressing on soft rubber washers. 
One of the vertical rods, D, is insulated from the base, 
and communicates with a terminal, also insulated. Thoj 
other rod, C, is constructed in two parts : (1) of a tube) 
fixed directly upon the base and in electrical connec- 
tion therewith ; and (2) of a copper rod spUt for a part 
of its length, whereby is obtained sufficient elasticity to 
permit the rad to slide freely and yet be held in place 
the tube. Carbon pencils, E, are placed between twi 
small plates which crown the rods. Each pencil ia intro- 
duced into two small blocks, O, also of carbon, which 
receive the copper rods F G at theii- extremities. The 
rods Gr are equal in length, and the rods F are of um 
qual length. A hammer, I, is hinged on the bar C, an< 
makes connection only with a single pencil of carbon 
once. 

When the lamp is placed in circuit, a pencil of carl 
B, is traversed by the current ; and when this peni 
is consumed and drops out of place, the hammer, 
makes connection with another pencil ; when all the car- 
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The succeeding pencils have each an average life of two 
hours. 

Next in practical order comes the Bouligulne lamp 
(Pig. 38), in which a long pencil of carbon is fed upwards, 
as in the Werdermann lanip, through an elastic contact, 
in this case controlled electro-magnetically. The sealing 



Fig. 40. Fumer's Lstdp. 18TS. 

of the globe is effected, as in the Konn lamp, by the 
lateral pressure of soft rubber washers.* 

Tlie last of these old lamps of which there is record 
is the invention of M. Fontaine (Fig. 39), in which the 
carbon pencils, A A, are held in rigid contacts. No 

• Carbon -holdere, made in the form of long tubes and filled with long 
carboni, were flrat employed by Staite (English patent No. 12,912 ol 1848), 
«ho, with hi3 associate, Edwards, was much in advance of the day in 
which he worked. 
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allowance is made for expansion or contraction of the 
conductors. In this lamp, as in Lodyguine's, a fresh 
pencil is brought into circnit by an exterior rheotome 
when one has been consumed. 

Among all these lamps that of Konn maintains its su- 
premacy ; and it must be confessed that, consideiing the 
time and means devoted to the solution of this problem 
in European countries, the product is insignificant. 

The lamp illustrated in Fig. 40, which was patented 
by Parmer, March 25, 1879, has not progressed beyond 
the stage of laboratory expeiiment. It is perhaps less 
practical than the lamps of Konn and others, in these 
respects : that the incandescent rod or pencil is held 
between large blocks of carbon in such a manner as to 
greatly obscure the light ; and that the sealing is ef- 
fected by means of a rubber stopper through which pass 
the conducting supports, which, being good conductors 
of heat, must inevitably cause the larap to unseal. 
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"DEPORE entering upon a further survey of the field of 
incandescent lighting, it is well that we should 
pause to consider the primal element of all incande- 
scent lamps — the luminous carbon conductor. Its re- 
quirements are simply expressed. In cross-section 
it must be uniform and in homogeneity perfect. The 
denser and hai-der the carbon the more lasting it proves 
to be ; and density, hardness, and homogeneity in the 
carbon are therefore the elements, or a jmrt of them, of 
success. Before the time of Foucault, who substituted 
gaa-retort carbon for wood charcoal, the voltaic arc was 
little more than a laboratory toy ; and thus with incan- 
descent lighting, so long as the luminous conductor is 
confined to the product of the gas-retort its uses mast 
be confined to the laboratory. 

One of the earliest methods of preparing artificial car- 
bons, and that in most general use at the present day, 
consists in reducing coke to a fine powder and thorough- 
ly incorporating it with molasses or other glutinous hy- 
drocarbon substance. The resultant mixture is pressed 
into moulds and baked, and aftei'wards placed in a con- 
centrated solution of the same hydrocarbon, and, when 
thoroughly saturated, again baked ; and so on until it 
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acquires the requisite solidity and smoothness. Snch 
carbons ai« imperfect, since they contain many im- 
L purities. 

By the Jacquelin process carbon is prodnced which, 
tin purity, density, hardness, and homogeneity, is all that 
I could be desired, M, Jacquelin, with pure hydiocar- 
r bons, closely imitates the processes of the gas-retort, de- 
composition of the compound gases being accomplished 
in a highly-heated porcelain tube, upon the interior sur- 
^_, iace of which the carbon is deposited. The objection 
^■io this process consists in the difficulty of reducing the 
^B:fiiass thus formed to the shape of rods or pencUs, as the 
^•carbon obtained is so hard that it can be cut only with 
^■the gi'ealest difficulty.* 

^1 The liest artificial carbons for incandescent lighting 
^Bthat we have obtained are made by the CaiT6 process, 
^V&nd supplied by M. Breguet in mechanically perfect 
round pencils of from eight to twenty inches in length, 
and almost any desired diameter in millimetres ; but in 
these carbons there is room for extensive improvement 
which, no doubt, M. Carre will turn to advantage. Ac- 
cording to Fontaine, the process of manufacture is as 
•follows : A composition, consisting of very finely pow- 
dered coke, calcined lamp-black, and a syrup formed of 
twelve parts of gum and thirty of cane-sugar, is tho- 
roughly ground and intermixed, and sufficient water is 
added to give the required consistency. Thus prepared 



* Within a few days we have exfwrimenteil with a smooth disk of cellu- 
loid, revolving at a high rate 'of speed, and tt'e find that by means of it the 
hardest retort-earbon is as easily and smoothly cut as so much hard rubber. 
This would seem to promise a similar result with Jacijuolin carbons. 
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the paste is compressed and passed through a die-plate, 
whereby the pencil is foi-med. Subsequently the pencil 
is subjected to a high temperature in a crucible, and by 
various operations and repetitions of the heating the 
requisite density and hardness are obtained. The ar- 
rangement of the pencil for baking, after forming, while 
yet in a pliable condition and without permitting it to 
twist or bend, is one not fully understood ; and all at- 
tempts in this country towards duplicating the manu- 
facture have signally failed. Pencils of one thirty-sec- 
ond of an inch in diameter and nine inches in length, 
made expressly for us, are as absolutely straight and re- 
gular as a wire under tension. 

The drawn or moulded pencils are primarily placed ia 
a horizontal position on a bed of coke-dust in crucibles, 
each layer being separated from its neighbor by an 
intervening sheet of paper. Secondly, a layer of coke- 
dust is spread over the carbons; and, lastly, the whole is 
covered by silicious sand, Having been kept at a cher- 
ry-red heat for four or five houi-s, the carbons are re- 
moved to a vessel of boiling-hot, concentiuted caramel 
or sugar-cane, and there left for two or three hours, the 
syrup being alternately cooled and heated several times, 
in order that it may completely peiineate the pores of 
the carbons. Subsequently the syrup is drawn off, and 
any sugar adhering to the surface of the carbons is re- 
moved by immersion in boiling water. Finally, after 
drying in an oven, whose temperature attains to 80° C. 
only in the course of twelve to fifteen hours, the baking 
operation is repeated. Upon the number of repetitions 
of this process, to a certain extent, depends the value of 
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the carbons, which, specially manufactured, are man-el« 
of purity, tenacity, density, and homogeneity.* 



• The tohoving synopsis of old Knglish patents relating to elect rio-ligbt 
carbons, taken frum Col. Bolton's report, nill doubtless prove ot interest: 
1840. QsEKNEB AND Staits, 11,076. "Certain ImproTDments in Ignition 
and lIluiuiDBtion." 

Uses lanip-blftck, chBrcoal, or coke, already piirifled from sulphur 
and metallic mixtures by the application of cleelrioity in Ud'ord- 
aoce with the process patented by Jabez Church in 184S; digests in 
ultra muriatic acid; washes several times in water or in some weak 
alkaline soliitio.i, or carburetted alkaline solution, finally with dis- 
tilled water; then dries and presses with hydraulic screw, or fly-press, 
into cylinders, niid when necessary exposes to intense heat in a fur- 
nace for twenty.four hours, 

I 184& Staite, 11,449. Takes erjiiat quantities of coal of a medium quality 
(neither loo rich nor loo poor) and of that porifled description of 
ooke known as "Church's Patent Coke"; |K>wdersand compresses In 
olo«e sheet-iron mimlds until solid, then plunges into concentrated 
solution of sugar, and when suffielentiy dry subjects it for several 
hours in a close vessel containing charcoal at an intense white heat. 

r 1847. Stiite, 11,7S3. In addition to pressing, also heat, and when hot 
plunge into sugar melted by heat without the aid of any liquid. 
Then cool and place in a closed vessel containing pieces of charcoal 
heated to a while heat, and keep there for many hours, or even two or 
three days; or the whole mass may be a second time immersed in 
inette<l sugar and the process repeated. 

He says, also, that electrodes made of gas-retort carbon frequently 
ooulain iron, which makes them split and not give out so much light. 
They may be much improved by heating lo a white heat in a closed 
vessel for some days. 

1 180. Btajtb, 13,ai3. Prefers tu use, Isf, plumbago powder having iron, 
etc., eitraeled by washing and warming in acids; 8d, lamp-black; 
8d, charcoal powder; 4th, powder of carbonaceous concrete which Is 
deposited in gas-retorls; or, Sth, sitle<l grains of this material. Mix 
any one of these with brown sugar, melt and boil (without water) 
until stiff, press when hot in iron moulds lined inside with paper, 
chalk, or pIsster-ot-Paris to prevent adherence and tj> allow (or es- 
cape of the gas, the moulds having holes for the same purpose. Bent 
slowly until a red heat is obtained, at which temperature keep them 
for some time, then take out and put in upriglit crucibles with lute; 
gently raise to a white heat, at which tempemtuts keep them for 
some time, and then allow them lo cool. 




The lack of a better carbon than retort carbon di- 



1818. Lb Mot.t. 12,219. " Coiistruotiiig Electric or Odlvaiiio Piles lor ob- 
taiuiag BIcL-tric Light." 

Take one part of coal, coke, or charcoal, three parts of carbon ob- 
tained from gns- retorts, ground fine, and one of tar; mould and press, 
dry ill tha siiAde, heat gradually in a nearly closed retort until brought 
tjD a red heat, at which temperature keep the retort for thirty-six 
honrs, when cool slowly. 

Makes the carbon disks used by him in his electno lamp from gas- 
retort carbon, oat into the right shape, and purified by solution in a, 
mixture of nitric and muriatic acids for twelve hours, afterwards in 
fluoric acid for twelve hours. 

1868. RoBGBTS, 14,198. '' Improvements in tlie production of Electric Cur- 
rents in obtaining Light," etc. 

Mixes five per cent, of lime with materials of electrodes, to in- 
crease the brilliancy of the light, 

1853. Jackson, 14,830. "Improvements in producing Artificial Llght,^ 






Hollows out top of lower carbon and introduces mercury or 

1868. Bisks, 119, "Improvements in producing Electric Light." 
visional protection only. 

Snbjects llgnit« to destructive distillation in closea vessels. 

Covers metal with tar, pitch, bitumen, asphalt, and rosin, o 
tures of finely-pulverized charcoal or lamp-black, with some adhesive 
material, which on being drieil or strongly heated leaves a residue of 
solid or compact carbon. 

Or drills holes in carbon and inserts metal rods, or attaches a ve- 
neering of charcoal to metal. 
1853. Staite, 084. Boils carbon in oil or other fatty sutratance. and bakes. 
1857. Harbisos, 588. " Improvements in obtaining Light by Electricity." 

Pieces of metal or other material are placed in gas-retorts, or in 
tubes connected therewith, for the pnrpose of receiving a deposit of 
gas carbon. Or a combination of metal powder and plumbago, or 
other form of carbon, may be formed into electrodes by compression. 
Proposes to insert other substances in the powder in order to color 
the light. 
1888. Hunt, 283. " Improvements in Means for Producing the Electrio 
Light." 

The residuum from the distillation of tar or pitch is reduced ta an 
impalpable powder, and mixed with tar or other hydrocarbon; the 
electrodes are then moulded, heated red hot, immersed in tar and 
again heated, and so on until the required density is obtained. 
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jcted oar attention to new processes of manufacture, 
jsulting in the granting of Letters-Patent to Sawyer & 
*Man in Januaiy, 1879, fora process believed to be new in 
physics. In many experiments previously made, incan- 
descent lami>s had been charged with an atmosphere of 
illuminating gas, naphtha, and other hydi'ocarbon vapors, 
both, at atmospheric pressure and under partial exhaus- 
I tion, with a view to arresting consumption of the cai'bon 
iicil. It was found that the globe soon blackened, and 
K'f^iiB to an extent commensurate with the amount of the 
■confined gas or vapor, while the carbon pencil became of 
ft bright gray color, but otherwise suffered no change. It 
lihtis appeared that the deposit which blackened the 
I'globe coidd not have proceeded from the pencil ; and in- 
p'estigation showed that the hydrocarbon atmosphere 
I been decomposed, the hydrogen set free, and the car- 
On deposited ; and inferentially it appeared that the 
*^gray color of the pencil was due to the mechanical com- 
bination with it of a portion of the dissociated carbon. 

By easy advances the conclusions were reached that 
if there was any deposit upon the pencil from any given 
Volume of gas, there would be a greater deposit from a 
^■eater volume of gas ; and that the greater the heat 
[eveloped in the pencil, and the slower the deposition, 
he more dense and perfect would be the carbon. These 
tonclnsions were subsequently verified. It was found 
at in a stream of hydrocarbon gas or vapor an im- 
lerfect pencil of carbon was rendered perfect, the ori- 
l points of imperfection, being of proportionate- 
high resistance and heating proportionately to a 
higher degree than the perfect portions, receiving a de- 
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posit which compensated for such imperfection. Thus 
pencils of carbon of any desired diameter up to one- 
eighth of an inch, and of a density and homogeneity be- 
fore unthoiight-of, and capaiile of taking a polish like jet, 
were formed of and upon a mere filamentary conductor. 
The original filament appeared to be unchanged, the de- 
posit carbon being in the form of a cylinder sui'roundiug 
it and possible to be broken off from it. 

It was found also that the pencil could be as veritably 
welded or joined to the connecting carbon blocks as 
two pieces of metal are welded or joined together, and 
the Sawyer Man carbon hoi-seshoe, which was perfected 
and exhibited in the winter of 1878-9, was treated by 
this process, the ends of the horseshoe being welded to 
the supporting blocks in order to secure perfect elec- 
trical contact- ' 

From obtaining a cylindrical deposit of carbon upon a 
filament of ordinary carbon, the manufacture of pencils 
entirely of deposit carbon was attempted. The cylinder 
was sawed through lengthwise by means of a rapidly- 
revolving, smooth, thin disk of steel, and the original 
filament removed. The two portions, semicylindrical 
in shape, remaining, were then subjected to ti^eatment. 
The most perfect of all these carbons were prepared by 
taking sticks of fine willow charcoal, and first satuiating 
the same with syrup and subjecting to heat as in the 
Carre process, in order to increase their conductivity. 
The sticks were then divided into pieces one-half an inch 
in length and three sixty-fourths of an inch in diam- 
eter, and placed between carbon-holders for treatment. 
Heated to extreme incandescence and surrounded by an 
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atmosphere of hydrocarbon, the deposit desciibed unme- 
diately formed. The pencil, 
with shining, rounded ends, 
was then filed on one side until 
the original willow was ex- 
posed, but leaving the ends of 
the pencil untouched. The wil- 
low being next removed, a pen- 
cil of boat shape and remark- 
able durability was obtained. 
The Sawyer-Man lamps, aa ex- 
hibited in New York, were all 
furnished with carbons of this 
chaiucter, and to the perfection 
of these boat-shaped, electri- 
cally-formed carbons was due 
their comparative success. To 
the necessity of frequent re- 
newal, and the ttme and skill 
required to produce the car- 
bons, was due the commercial 
failure of these lamps. 

In preparing long pencils of 
carbon, allowance must be made 
for the expansion of the origi- 
nal filament. The Sawyer de- 
positing apparatus (Fig. 41), 
which holds the filament, is en- 
tirely immersed in a hydrocai- 
f bon bath. The decomposing current, entering by way of 

the metallic uprights fixed to a soapstone base, passes 
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through the filament by way of its carbon-clamps. The 
upper clamp, balanced on a knife-edge, is removable. In 
this, when removed, one end of the filament is secured 
and the clamp is then put in position. Next the lower 
end of the filament is swung between the jaws of the 
lower fixed clamp, and, this having been tightened, the 
cam-lever above is thrown up, and the filament thus 
placed under tension. When the current is applied 
there ensues violent ebullition of the liquid composing 
the bath, due to the rapid disengagement of hydrogen ; 
dense volumes of smoke arise, and in from fifteen to 
thirty seconds the filament is covered with a shell of de- 
posit carbon from one sixty -fourth to one thirty-Becond 
ol an inch in thickness. Olive-oil is the best hydrocar- 
bon for this treatment. Next in order of efficiency, 
among common hydrocarbons, are the following 

Refined sperm oil ; 

Absolute alcohol ; 

Naphtha and gasoline ; 

Turpentine. 
In nsing the last-named hydrocarbons, great care 
must be taken not fo overheat the bath, and to see that 
the filament is wholly immersed before applying the 
current, otherwise there is danger of fire and explosion. 
The carbonizing of live willow tmgs, with a view to 
obtaining a suitable bent carbon, by Sawyer & Man, and 
the carbonizing of paper and bamboo by Edison, substan- 
tially close the account of incandescent carbons. Re- 
cently, an attempt to better the texture of the filament 
has been made by Mr. J. W. Swan, of Newcastle-on- 
Tyne, who forma it from cotton thread, which is aul 
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jected, previous to carbonization, to the action of sul- 
phuric acid in order " to produce the same kind of effect 
of semi-solution and the welding together of the cellulose 
fibre as is produced in making vegetable parchment from 
bibulous paper." 

The behavior of carbon at different temperatures is 
strikingly similar to the behavior of glass at proportion- 
ate temperatures, similar results in the latter, however, 
being attained at much lower temperatures than in the 
former. As examples the following facts are cited : 
^^11 hardness and brittleness, glass and homogeneous 
^^Barbon at oi-dinary temperatures are substantially alike. 
^HSlass, drawn into fine threads, and carbon in filaments, 
Tnay be bent, and to a certain extent twiated, with- 
out breaking. Glass and caibon, heated and twisted or 
"fcent, retain the changed form and their normal strength 
«it the point of twisting or bending, upon cooling. Glass 
nnoderately heated, and carbon intensely heated, if given 
^ blow, fly into fragments. 

Glass and carbon are better conductors of electricity 

P~when intensely heated than when at ordinary tempe- 
tiatures. 
* A t«n-inch x>encil of carbon, heated to exti-eme incan- 
descence, expands, under slight tension, to a length of 
10} inches. Upon cooling it does not retixm to its origi- 
nal dimensions, but only slightly contracts. 




NEW KORMS OF LAMPS. 

TT waa in 1875, after some desultory work, that we first 
took an active interest in the subject of incandescent 
lighting. Subsequent years devoted to the perfection 
of apparatus in connection therewith have greatly aug- 
mented the stock of knowledge originally poasesaed. 
The theories upon wliich experimentalists had labored, 
and the probable causes of their failures, were given care- 
ful consideration, and in all matters of doubt the results 
of practical experiment were made the basis of conclu- 
sions. 

It did not at first appear that when a carbon conductor 
is excluded from contact with combining matter, it is 
nevertheless, in the sense of changing form, destructible ; 
otherwise speaking, the destructibility of all matter sub- 
jected to constant and varying tension did not primarily 
present itself with the convincing force that is born of ex- 
perience. Many experimenters in incandescent light- 
ing had failed because they had overlooked the fact 
that nothing is indestructible, or undisintegratable, or 
unchangeable. Additionallj', the Starr-King lamp had 
failed because there was present in the Toricellian va- 
cuum the vapor of quicksilvei-, due to heat, with which 
the carbon entered into chemical combination. IJody- 
gnine obviated an imperfect contact with the carbt 
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condnctor by making the luminous section a reduced 
portion of a large carbon. Lodyguine, Konn, Kosloff, 
and Boulignine, recognizing the destrnctibUity of the 
conductor, sought compensation in aelf-ienewing de- 
vices ; but their lamps were imperfect in that they did 
not preserve the carbon from contact with gases with 
■which, at high temperatures, it enters into chemical 
combination. All of the old lampa, excepting that of 
1 Stan-King, were inadequately sealed. All were some- 
'■^phere attended by conditions calculated to prevent the 
^realizations sought. 

To preserve incandescent carbon from chemical change, 
3.t must be hermetically sealed in vacuo, or in a globe 
«3ontaining a pure and perfectly dry cyanogen, nitrogen, 
lydrogen, or hydrocarbon atmosphere. If there is a trace 
■vt oxygen or other gas or vapor present, or any third 
3ion-gaseous body in condition to come in contact with 
"the carbon, chemical change is the result. Nor can the 
r incandescent carbon establish connection with any metal, 
I for the reason that the carbide of that metal is then form- 
ed. Its connections must be with carbon of greater mass, 
in order that the temperature of the metal contacts may 
be low and the contacts perfect ; and it must itself be 
I pure and also Iiomogeneous, as imperfections in its struc- 
I tare produce consequent points of resistance at which the 
current concentrates and where disintegration occurs. 
In the dioxide of carbon (carbonic acid gas), which in- 
stantly extinguishes ordinary flame, the incandescent 
conductor is consumed, not quite so rapidly, but Just as 
surely, as in air. In the monoxide of carbon consiimp- 
tion is certain, though still less rapid. The explanation 
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of this 13 found in the fact that a current of the heal 
atmosphere is constantly flowing past tlie conductor, and 
the heat of the conductor is so great that the carbonic 
oxide is decomposed before the two come in contat 
and the oxygen thus set free, and having a higher al 
nity for the carbon of the conductor than for the le; 
heated atom from which it has been dissociated, com- 
bines with the former, whUe tlie dissociated carbon atom 
is deposited either upon the interior works of the lamp 
or upon the inner sm-face of the enclosing globe ; or the 
oxygen rises in a free state (the carbon being deposited 
as described), and upon subsequently coming in contact 
with tlie incandescent conductor thereupon combines with 
it to form the monoxide. The monoxide, not the diox- 
ide, is always formed when there is a limited amount of 
oxygen present. Thus it will be clear that, however 
slight may be the trace of oxygen in the sealed globe 
of an electric lamp, and however great in mass the in- 
candescent carbon may be, it is only a question of time 
when this circular process of chemical dissociation and 
recombination will entirely destroy the conductor and 
deposit it upon the interior works and the globe of the 
lamp. What occurs with oxygen occui-s ■with other sub- 
stances having an affinity for carbon at high tempera- 
tures ; and to procure a non-combining atmosphere suffi- 
oiently free from impurities involves a very delicate 
laboratory process. The employment of hydrogen is dis- 
advantageous in these respects, that it necessitates a 
more powerful current to produce a given light than 
when the conductor is in vacuo or surrounded by nitro- 
gen, and that, should any leak occur, aii' sufficient t; 
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ibnn a dangerous explosive mixture soon finds access 
to the globe. For tlie latter reason an hydrocarbon at- 
mosphere is impracticable, in addition to the fact tliat 
the decomposition of the hydrocarbon so blackens the 
globe as to greatly obseure the light. The incandescent 
carbon, therefore, can only be practically employed in 
Tacjio, orsnrrounded by an atmosphere of pure nitrogen, 
or in a partial or nearly perfect vacuum of hydrogen, 
nitrogen, cyanogen, or hydrocarbon gas, which last, 
however, speedily becomes a vacuum of hydrogen, for 
the reason that tlie hydrocai-bon is decomposed and the 
hydrogen set free in the lamp. 

The idea of protecting carbon from chemical change 
by enclosing it in a vacuum or a carbon-pre3er\'ative 
tmosphere is, a.s has been shown, by no means new. 
Atmospheres of niti'ogen, hydrogen, and the carbonic 
oxides, and their vacuums, as well as the ordinary 
vacuara. tiave been employed in the laboratory for many 
years, and are common property of which all experi- 
^^ mentalists may avail themselves.* 
^H Next to preserving tlie carbon from chemical change, 
^B the greatest difficulty is found in hermetically sealing 
the globe of the lamp. The sealing of glass upon plati- 
num is familiarly shown tn Geissler vacuo-tubes ; and 
while the degree of skill required for this method of 

• The following (ifttd, iibslraelBd (rom Iha report of Colonel BoItoD to the 
London Society of Teleg-raph Engineers, March Sit, 1979, refer to expired 
Knglish patenls relating to incandescent lighting; 

11841. De HoLEYHa, 9,053, Tses a toil of pUtioum wire at the base of 
which is a piece of spoiigj pUtiniim ami into which fnlls a shower of 
Itnelj-pulveriied boxwood charcoal or plumbago, the whole being ei 



closed in an exhauiited tube. 
I KVi. KiN», 10,010. Applii'&tion nt 



1 metullic and carbon con- 
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sealing is rare, the Geissler method is undoubtedly as 
perfect as any yet devised. 

In the Ediaon lamp (Fig. 42) the Geissler method of 
sealing is employed, the two conductors, A A, leading 
to the carbon loop, D, being sealed at B B in the glass 
of the compound globe, E. In order to obtain a per- 
fect connection with the carbon tilament its ends are en- 
larged and clamped in suitable block.s, C, Exhaustion 
of the air by way of the neck, F, to the one millionth 
of an atmosphere, leaving in the lamp a portion of oxy- 
gen represented by tv kU tttsj follows. The filament ori- 
ginally used by Mr. Edison was prepared by cutting 
card-board into the desired shape, and carbonizing the 
same by placing the loops thus formed in layers within 
an iron box, with intervening layers of tissxie-paper. 
closing the box to exclude oxygen, and raising the 
whole to red heat in a furnace. Lack of homogeneity 
in the structure of these carbons subsequently led Mi-. 
Ediaon to the adoption of carbonized bam boo- wood, 
which is worked down by successive cutting and scra- 
ping until the entire length of the loop between its en- 
larged ends, which length varies from five to seven inch- 
es, is reduced to a nniform cross-section of from one 

ductors, intensely heated by the passage of a suitably regulated cur- 
rent of electricity. Uses Toricellian vaeuura wheu carbon is em- 
ployed, [King was Starr'a agent.] 

1848. Staite, 12,312. Uses an iridium or an iridio-platinum wire. 

1850. Shepabd, 13,308. In a ground-gloss globe, exhausted, a vertical rod 
of carbon is, by means of a weight, pushed down into a small carbon 
cone constituting the terminal. 

18B3, RoBGBTS, 14,19B. Complete apparatus tor rendering a rod of graph, 
ite, coke, or charcoal incandescent in a non-combnstible atmosphere. 
Placing the carbon in a deosygenated atmosphere (as hydrogen or 
iiitrogDii). rarefied, was patented by Staite in 1840, No. 11,499. 
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one thirty-second of an inch. The deli- 
cacy of manipulation of the 
wood, in order to make the 
Jilament uniform in size 
throughout, renders its cost 
excessive ; bnt this difficulty, 
in a measure at least, will 
Ijrobably be overcome. The 
resistance of the loop when 
carbonized is from 1()() to 300 
ohms, and the amount of 
light obtainable, with safety 
to the conductor, varies from 
two to ten candles. Fig. 43 
is an illustration of an Edi- 
son bamboo filament, full 
size, before bending and car- 
bonization. 

In caiTying out the Edison 
method of manufacture a 
glass bulb (Fig. 44), of the 
size desired for the enclosing 
globe of the lamp, is formed, 
with a supporting neck, ex- 
tending in one direction, of a 
diameter sufficient to permit 
the passage of the Uluminat- 
iug conductor through it. 
Preferably a piece of tiibing, 
of the size of the neck, has 
Upon a point on the bulb op- 
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posite the centre of the neck is formed a long 
tube for attachment of the bulb to the air-ex- 
hausting ajjparatus. Uiron the end of a smaller 
piece of tubing a small bulb is fomied, and the 
body of the tube, a little below the bulb, is en- 
larged for a small space to about the size of the 
supporting neck of the first bulb. This jwrtion 
constitutes the loop-supporting part, platinnm 
wires, temiinating in clamps for liolding the 
loop, being passed through it and hermetically 
sealed tlierein. After the filament is In place, as 





NEW FORMS OF LAMPS. 



shown in Fig. 46, the small tabe is passed up into the 
bulb of the large tube until its further passage is stopped 



I 





by the neck of the latter, when the two are sealed to- 
gether by fnsion, and appear as shown in Pig. 46. 

The mechanical construction of the lamp being now 
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complete, it is attached to the Tacuum-pump by the ni 
before-mentioned, and when a proper degi'ee of exhaas- 
tion has been attained, the end of the tube is softened 
and sealed by heat, after which the lamp is removed from 
the pump. Finally, the tube is softened and sealed near 
its point of juncture with the globe, when the portion 
remaining above is broken off and the neck again soft- 
ened* and sealed immediately above the sealing before 
made at the point of juncture. Fig. 47 sliows the coi 
pleted lamp. 

The Maxim lamp (Fig. 48), recently exhibited in Nei 
York, differa from Mr. Edison's in no essential particu- 
lar. The Geisslei' method of sealing is employed, and 
the carbon filament, manufactured from card-board, is 
made in the form of a double loop, closely resembling 
the letter M. Thus prepared, the light obtainable is 
substantially the same as that from the Edison lamp. 
When the filament is ti'eated by immersion in hydrocar- 
bon by the pi-ocess of depositing already described, its 
section is enlarged and Improved, and the light then ob- 
tainable is from 10 to 30 candles. 

Before sealing his lamp, Mr. Maxim fills the globe with 
the vapor of gasoline, to the exclusion of all air, and 
finally exhausts by means of the vacnum-pump. 

Run at a power of eight candles, in a neai-ly pei-fi 



or e 
e-rt^ 
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s imprpssinn, in regard to the Masim lamp, due to the 
employment of gasoline in the procosa of eshaustion. is that it is u self-re- 
newing device — i.e., that wheneTer consumption or disintegration occurs, 
the filament is repaired by an ever present supply o£ bydrocarhon. The 
reverse is the case. When ready for use the globe contains a trace of gaso- 
line vapor, and this is almost immediately decomposed, setting the hydro- 
gen free, andleavingpreaent a trace of hydrogen merely. 
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cuum, the life-time of filamentary carbons is from ten 
B hundred haul's. 




Fig 49, Ttau Sivrfer-Maa Lamp. 



The Sawyer-Man system of lighting was exhibited in 
7 York in 1878. Pig. 49 is an illustration of the first 
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device of these experimentalistB to wMcli publicity 
given. 

In this lamp the enclosing globe was provided withf 
flange constituting an inCegral part of the globe, and a 
disk of glass perforated with two small holes was accn- 
rately ground to fit the same. The ground surfaces were 
coated with fii- balsam, and the globe and stopper 
strongly clamped together by means of bolts passing 
throngh an elastic flange below the stopper, and a metal- 
lic flange bearing upon the glass flange. Through the 
holes in the stopper passed the diminished ends of two 
stop-cocks, whose joints were made perfect by drawing 
their shoulders powerfully down upon paper washers 
first thoroughly impregnated with balsam. Subsequent- 
ly, melted sealing-wax was poured around the whole of 
the base. By this means very perfect joints were se- 
cured, and to retain them so if was only necessaiy to pre- 
vent undue heating of the parts. Therefore, the con- 
ductors leading from the outside stop-cock connections 
to the illuminating part of the lamp were given consider- 
able length and large I'adiating surface. An insulating 
diaphragm supported the upper works. 

The incandescent carbon pencil, one-half inch in 
length, and varying in different lamps from one thirty- 
second to one-twelfth of an inch in diameter, was held in 
small carbon blocks let into larger blocks, one of which 
was fixed in the lower standard, and the other in a con- 
necting arm, which, in order to allow for expansion and 
contraction of the pencil without fiiction, was supported 
upon a knife-edge bearing. This connecting-arm was 
held in place by a coiled spring. The spiral conductc 
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VooDsiKtetl of tnbe.?, one of which 

] was provided witli openings 

along its length, and each con- 

Inecting with a stop-cock. A 

f lump of metallic sodium or po- 

j tassium aa an absorbent of oxy- 

I gen; and its oxide, whenformed, 

I as an absorbent of carbonic acid 

I gas, was placed in the lamp. 

1 To ohai'ge the lamp, a stream of 

I nitrogen was caused to flow 

I through one of the tubes to the 

upper part of the globe, escap- 

iog by way of the openings in 

the other tiilie. Carbons of a 
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density before unattained were employed in this lamp ; 
and although, through imperfect contacts and a faulty 
atmosphere, many of the lamps failed to last more than 
a few hours, aome of them were used daily for several 
weeks without exhibiting marked change. In the con- 
struction of the lamp, it was found essential to round the 
ends of the carbon i>encil, and to make a tapeiing cavity 
in the small connecting-blocks, which were fii-mly set in 
the larger blocks. The linal sealing of the lamp was 
effected by soldering the stop-cocks. Fig. 50 represents 
the lamp in another form, with radiators of copper rib- 
bon to prevent conduction of heat to the base ; and in 
Fig. 61 is shown the perfected lamp, with small spiral 
conductors, in which the soap-stone was replaced by a 
metallic diaphragm. 

The Sawyer-Man experiments wei^e of an extensive 
and diversified character, and among the earliest at- 
tempts to obtain a practicable lamp was the including 
of an arch or loop of carbon in the cireuit of the rat 
ators (Pig. 52). 

This carbon loop was originally employed in March,' 
1878, a rod of retort-carbon being turned true in a lathe 
and bored out to form a tube ; from this, thin flanges 
were cut, and after being clamped lietween carbon wash- 
ers, the upper half was left standing and the lower part 
broken out. It was not until the following winter that 
the carbonizing of different substances in the form of a 
loop, and especially twigs of fine willow, was attempted, 
with varying results. A year later Mr. Edison greatly 
improved the manufacture of these loops by processes 
much better calculated to attain the end desired than 
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those employed by Sawyer & Man, whose success in this 
direction was limited. 





The fact appearing that it is only a question of a brief 
f period of time when a carbon loop or pencil subjected 




to the action of powerful cnrrents will snffer disintegra- 
tion, it is cleai' that some means of renewing the incan- 
descent conductor of any lamp must he provided ; and 
this renewal must be accomplished without destroying 
the lamp. To replace a Sawyer- Man carbon required a 
workman's time from two to three hours, and the re- 
charging of the lamp with absolutely pure nitrogen cost 
about- seventy cents, without talting into consideration 
the cost of the carbon. It was therefore an impractica- 
ble lamp. To obviate frequent renewal the first Sawyer 
feeding-lamp (Fig. 53) was devised. 

In this lamp several short carbon pencils were held by 
copper rods, as in the Konn lamp, and as fast as one 
was consumed or disintegrated, a cam, rotated by a 
coiled spring, forced another carbon into contact with 
the block above, Tlius a very durable apparatus 
was obtained, but by no means a successful one ; 
for when the lamp is properly charged, or exhausted, 
chemical change in the carbon is no longer to be con- 
sidered, and the point of disintegration is generally the 
upper point of contact. In this form of self-renewing 
device we do not, therefore, obtain the full value of the 
pence, which ordinai'Uy drops out when it is only par- 
tially or even very slightly disintegrated. 

A long pencil, fed through an elastic contact, was the 
originally-held conception, and this was eventually re- 
sorted to in the lamp (Fig. 54) designed early in the 
year 1879. In this lamp, by means of an electro-mag- 
netic switch, an electro-magnet, operating through the 
^ss stopper of the globe, was caused to feed upward 
between elastic contacts, as fast as disintegration o<k( 
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raured, a long carbon pencil travelling in a metallif 
tube. 




'\_L/" 



B 



■- M. Electro-Magnttic Sdf- 



^Imperfections in the operation of electro-magnetic 
ding devices led to the designing of another lamp 
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(Fig, 55), in wliich the pencil waa fed upward from the 
outside, when necessary, or drawn downwai'd fiom its 
connection with the upper contact-rollers when extin- 
guishment of the light was desired. With lamps of this 
type the first private residence, it ia believed, in the 
world, was practically Uluminated by electiicity in the 
winter of 1879-80 and during the following month of 
March.* The halls, parlors, and upper chambers of a 
New York dwelling-house were supplied with electrici- 
ty, through a single conductor, by a generator located a 
>)lock and a half distant. Each light was turned on or 
off, or graduated to any desired degree of intensity, in- 
dependently of other lights. The internal resistance of 
each lamp was about .25 ohm.f 



* No. 226 West Piftj-fonrth Street, New York City. 

f Since this wns written our attetition ba$ been called in the fact tJtat at 
Salem, Mass., during the munth of July, 18511, Professor Fanaer lighted his 
parlor by two incandescent platinum lanipx. In a letter to the Salem Ob- 
server of November 2, 1878, Professor Farmer adds: " And this electric 
light was subdivided, tool This was nineteen years ago, and it was un- 
doubtedly the first dwelling.house ever lighted by electricity, A galvanic 
battery o( name three dozen six-gallon jars was plaeed in the cellar of the 
house, and it tamished the electric current, which was conveyed by suitable 
conductiog-wires to the mantelpiece of the parlor. Either lamp could be 
lighted at pleasure, or both at once, by simply turning a little button to the 
right for a light, to the left for a dark." It is barely possible that Profeasor 
Farmer's memory may be in error in respect of dividing the current. Whe- 
ther it would have been more natural for him to divide the battery into two 
separate parts of some one and a half dozen jars each, and operate one lamp 
from each part, than to go to the trouble of arranging resistances and com- 
plicated switches in order to operate so small a number of lamps as two 
from a single battery in close proximity to them, is not considered; but it 
would have been more satisfactory if, in making the above claim, Professor 
Parmer had stated in what manner a button was arranged so as to light 
both lamps at once, or to light either one separately, by the one operation of 
turning the button to the right. 
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TfTE may now be supposed to have arrived at an ade- 
' qiiate conception of the principles underlying 
the various foiins of incandescent lamps. We have 
seen that an incandescent carbon, however complete- 
ly isolated from gases with which at high tempera- 
tores it enters into chemical combination, is a destructi- 
ble mass of matter. We have, perhaps, reached the 
conclusion that means for its renewal must be provided, 
and that this renewal must not be fi-equent, and that it 
mast be cheaply af«omplished. The lamp, furthermore, 
mast be cheaply and hei-metically sealed, and readily re- 
charged with a carbon-preservative atmosphere, or ex- 
hausted of such atmosphere, or exhausted of atmos- 
pheric air. 

The new Sawyer lamp, exliibited in New York, and at 
the Franklin Institute in Philadelphia within the past 
few weekH, is designed to meet the requirements men- 
tioned. The illustration (Fig. 56) .shows this lamp in its 
perfected form. 

In Fig. o7 the lamp is shown with the interior works 
and base aiwirt from tlie enclosing globe. Upon a thin 
metallic base is fixed one of the upright metallic con- 
ductors leading to the top of the lamp. The other con- 
dnctflr is fixed to an insulated bolt passing downward 
througli the c«ntre of the base. These conductor are of 



ELECTKIC LIGHTING BY INCAXDESCENCE. 



Steel, in order to prevent rapid con- 
duction of heat to the base, and are 
formed as shown in order that they 
may be readily stamped from sheet- 
metal and pressed into the requir- 
ed shape. By means of a copper 
plunger attached to a wire running 
over a winding-drum at the base of 
the lamp, in which drum an ordina- 
ry watch -sjjring, furnishing the mo- 
tive power, is coiled, a Jong ijencil 
of carbon in the plunger-tube is au- 
tomatically fed upward through the 
lower elastic carbon- contacts to a 
connection with the upper perforat 
ed carbon-block. Thus the pencil 
is constantly forced to a bearing 
against the upper carbon-block un- 
til entirely disintegrated ; and when 
entire disintegration has occurred the 
plunger closes the circuit of the lamj). 
As heretofore explained, the point at , 
which disintegration mainly tikes 
place is the upper point of cont u t 
and as, when the pencil is prote< U <\ 
from combining matter, this disiute 
gration amounts to between the one 
hundredth and the fiftieth part of in 
inch for every hour the lamp is lun 
and as the pencil is eight inches in 
length, it follows that the useful 
lifetime of the carbon is from 4( o ' 
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to 800 hours, equivalent to foui- hours' daily use for 
from 100 to 200 days. In this calculation it is assumed, 
that the intensity of the light shall not exceed that of 
two good five-foot gas-burners, or at most thirty candle- 
power. Run at a higher Intensity the durability of the 
pencil is diminished. 

The glass globe of the lamp has no direct connection 
with tlie base supporting the lamp mechanism. In a 
thin, spun-metal, open cup, amounting practically to a 
short tube, the globe is sealed by heating the cup and 
the glass, and ponring into the annular space between 
the glass and cup a sealing compound which is elastic 
at all oi'dinary temperatures, adheres to both glass 
and metal, and does not soften at temperatures at- 
tained in the lamp. The sealing space is two inches 
deep and one-quarter inch wide, and the sealing com- 
pound substantially as homogeneous as glass ; hence the 
element of leakage at this point may be disregarded. 

In order to place the carbon pencil in the lamp, the 
upper carbon-block is carried to one side by moving the 
sustaining-arm on the standard connected with the insu- 
lated steel upright, and space is made for the pencil by 
moving the plunger to the bottom of the tube and thus 
unwinding the wire on the drum. The lower carbon 
clamping-blocks, whose mutual pressure is sustained by 
a spiral spiing, placed lower down in the lamp so as to 
prevent its undue heating, are then separated, and the 
pencil of carbon is dropped into the tube. Finally, the 
upper carbon-block is moved back into the position 
shown, when the lower carbon-clamps and the winding- 
drum are released, and the pencil is brought to a bearing 
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m a central opening thiough the upper carhon-block. 
The circoit is by way of an insulated wire enclosed in the 
bracket to the central insulated bolt, one of the upright 
steel conductors, and the upper carbon-block ; and down- 
ward, through the pencil, as far as the lower clamping- 
blocks, and tiie other upright steel conductor, to the base 
of the lamp and the bracket. To connect a lamp in cir- 
cnit it is therefore necessary to fix it to the ordinary 
nipple-thread of a gas-fixture, the two contacts thus 
being established. 

The peculiar shaping and general design of the parts 
of the lamp are such as to facilitate and cheapen their 
manufacture. The carbon-blocks are formed in moulds. 
To prevent oxidization from handling and exposure, all 
of the parts are nickel-plated. All of the metallic parts 
aboTe the upright steel conductors, and the pencil-tube, 
are of pure copper. The leading wires of the winding- 
dnim and the coiled clamping-spring are of steel. All 
of the parts at the base of the lamp, excepting the 
screws, are of brass. A stop-cock, or a single opening, 
through the base, closed by a short brass screw, is em- 
ployed in the charging of the lamp. 

When the carbon pencil has been introduced, the 
glass globe, sealed in the brass spun cup, is lowered 
over the works and fits closely to the shoulder turned 
on the base. The woikman then passes a aoldering- 
tool around the junction of the cup with the base, and 
this joint is hermetically sealed. To facilitate the sol- 
dering, as well as to economize material and prevent 
excessive heating of the sealing compound between the 
globe and the cup, the base as well as the cup is made 
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only tMck enough lo be substantial. To renew the 
pencil, when entirely destroyed, the junction of the cup 
and base is i-otated in the flame of a Bunsen burner, 
when the'solder softens and the globe and cup are re- 
moved. To replace the pencil, and resolder the connec- 
tion of the cup and base, is the woik of a few minutes. 
The globe, once sealed in the cup, is not again disturbed. 
At each renewal of the carbon it is of course necessary 
to refill the globe with^nitrogen, the stop-cock or screw, 
closing the charging opening, being also finally soldered, 
in order to ensure hermetical sealing of the lamp 
throughout. 

All insulations above the base are of mica, in order 
that the heat of the upper works may not disengage 
dust or vapors, whose action upon the incandescent pen- 
cil would lie deleterious, Tlie diameter of the globe is 
2 inches and its length 10 inches. Lamps have been 
constracted of all sizes down to one having a globe J 
inch in diameter and Si inches in length, but the dimen- 
sions adopted have been found to 
be the best in practice. The shape 
or design of the globe is inconse- 
quential, which may also be said 
of the general structure of the 
lamp, except in so far as questions 
of economy are concenied. 

The method of sealing the insu- 
lated central bolt, and establish- 
ing the external connections of 
the lamp, is shown in Fig. fiS, in which A is the arm of 
any gas-fixture, and B the base of the lamp. The upright 
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conductor L is fastened to tlie bolt I by a screw, M. In 
a conical cavity leading to the long bolt-hole is placed a 
conical fibre washer, J. In passing throngli tliis hole the 
bolt does not touch its aides, but while the base is hot 
the annular space around the bolt is lilled with the same 




[cement, K, as is employed in sealing the globe to its cup, 
and the nnt G, beaiing upon the conical fibre washer 
H, is firmly screwed upon the lower end of the bolt. 

' The cap C is then sci'ewed on to the projection from the 
base. In a cavity in the end of the bracket is simk an 
insulating washer, D, throntjh wliich jiasses the insulated 
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wire N, screwed into contact-mit F. The coiled sjning 
E gives elasticity to the lower point of contact, so that 
tile lamp may be turned into any ix)sition. The long, 
narrow, annular space aionnd tlie bolt I, filled with ho- 
mogeneous cement adhering peifectly to the metal, en- 
sures the hei-metical sealing of thia last and most diflSci 
joint to seal. 

In Fig. 59 the arrangement of a chandelier system 
lamps is illustrated. 

The luminous intensity of the new Sawyer lamp, whiclt' 
is the same, under like circumstances, as that of all the 
Sawyer-Man, Konn, KoslofF, Bouliguine, and other Saw, 
yer lamps, is from two to three ordinary five-foot gas- 
burners. What is meant by this is the intensity of light 
produced at which it is considered safe to run the lamp 
continuously, when it is desiied that renewal of the car- 
bon pencil sliall not be necessary more frequently than 
once in from sis months to a year. Doing two hun- 
dred hours' actual work the lamp may be run at an in- 
tensity of from HX) to 3(10 candles. Doing fifty honrs' 
work it may be run at an intensity of from 300 to 600 
candles, 

Numerous measurements of the power of the light 
have been made, but the most critical, conducted b; 
Mr. Edgerton, with a Sugg photometer, accord the amaJl: 
power lamp a luminous intensity of 27.4 candles. 



en- 



• The (ollowing certificate by Mr, Edgerton. referring to the perfco 
Sawyer-Man lamp, and which applies as well to all pencil lamps in vhicli ^ 
pencil (it the same length und craas-section is rendered incandescent, c 
tains some valuable suggestions in view of the candle-power claimed by g 
corporations and Ihilt shown at Iheir laboratories : 
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1 order to obtain, when desired, greater iUtuninatiag 
power, a larger Uimp (Fig. 60) has beeu devised. 

The dimensions of this lamp are 4 x 16 inches, and its 
luminons intensity is from 100 to 1,000 candles, accord- 
ing to the length of pencil brought to incandescence 
and the volume of current supplied. At the Franklin 
Institute, in Philadelphia, on November 9, 1880, a 
single large lamp served to illuminate the lecture-hall 
with the brilliancy of mid-day. There is no difference 
in construction between this lamp and the small lamp, 
excepting that in the large lamp the upright conduc- 
tors are made of round steel rods, which is sometimes 
tme of the small lamps. In the large lamp the carbon 
I)encil is 12 inches in length and -^ of an inch in diame- 
ter, with an exposed section of 1^ inches ; while in the 
small lamp it is ^ inch in diameter, with an exposed sec- 
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New ToftK. November 8, 1878. 
e of the Sawyer-Mun lumps, tested by nii 



I thii day, gave, in compnnsoii with a atandard sixteen-caudle burner, t 
I of 1.714 burners, or 37.43 standard sperm candles. 
'' (Signed) H. H. Kdgbbton. 

In order to compare tbe light with that afforded by ordinary gas-burners, 
thediflerent bnmers in ordinary use, wilh CTta! gas, may be rated about as 
follows, for a rate of five cubic feet per hour consumption ; 
Ordinary fish-tail, Scotch tip. about 5 candles. 
¥ouDg America, brass fish-tail, 8 vaiidlef^. 
Oleason, noiseless Argand, 1 1 candles. 
lava tip (excavated head), 13 to 13 candles, 

A very large flame, burning at a rate ol 8 or 9 cubic feet, will give a pro- 
rata light of alwut 15 eandlcK for H cubic feet. 

The above is based upon gas made from ordinary Pittsburgh coal. Hix- 
arBs of cannel or naphtha improve the quality according to the amount 
used. (Signed) H, H. EDOBRToy. 

London issupplied with gasof 18 candle-power per 5-foot burner. The 
Idverpool Btreet-lnraps give a light ut the rate of 16 ciindles per 5 cubic feet 
vith4oubio feetc( 
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tion of i inch. Owing to the greater intensity at which 
tKe large lamp is run, the w oiking duration of the pen- 
fi], when the globe is perfectly charged with nitrogen, is 
al^out 2(X) hours. The cost of renewal (that of the car- 
hoB and nitrogen elements) is largely in excess of the 
'ost of renewal in the small lamps, and varies from 25 to 
■^O cents ]ter lamp. 

The j)ermanent, elastic closing of the Sawyer globe in 
'ts metallic containing-cup is the only method yet de- 
vised that affords the necessary heimetical sealing, ex- 
f^^rning that of Geissler, which is employed by Mr. Edi- 
son. Many experimentalists in this line have employed 
hycjjanlic joints: Kosloff employed a bath of olive-oil 
k ^^'^^^tand the joints ; Guest and others have employed 
KqiiicksUver ; our own experiments, of a similar charac- 
*^r, liave been confined to viscous hydrocarbons. But all 
'*i^Sie devices are inadequate ; for wlule they may truly 
J-'^'^^vent the entrance of air, in-leakage of the mobile seal- 
^^-^S" substance itself cannot be prevented, and thus there 
*^ ixitroduced into the lamp an element which will either 
**^'^1roy the carbon or so blacken the globe as to obscure 
-*^^t light. Every part of the lamp must be perfectly 
*^^^^wi: and, indeed, the delicacy of manipulation neces- 
^'*';j in the construction of incandescent lamps cannot be 
I*I^recia.ted by any one not familiar with the subject, 
■^^'S who only observes the facility with which the skilled 
*^^ jkman performs his duties. 
^Djterating upon the principle of decomposition of hy- 
/■*"^:icarbon and the dejwsit of the carbon atom upon an 
**-*;irandescent filament, we have constructed an open-air 
^'*iip of a somewhnt novel description (Fig. 61). 
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Upon a brasB wheel are mounted six carbon hoi-se- 
shoes, all the negative poles of which are connected to- 
gether on the wheel, and the positive jwles of each op- 




posite pair of which are connected together and 
opposite segments of a commutator of six BegmentsJ^ 
The current is directed by a contact-brush and the frame- 
work of the apparatus, and, dividing, passes through 
the uppermost and lowermost carbons at the same time. 
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le uppermost carbon bums in the air at intense incan 
descence, while the lowermost carlion, immersed in oil 
in a suitable containing vessel, becomes coated vrith de- 
posit carbon. As the uppermost carbon consumes and 
decreases in size the intensity of the light does not in- 
crease, for the increase in the size of the lowermost car- 
bon balances the effect of the cui'rent above by increas- 
ing the supply below and decreasing the supply above. 
By means of intermittently-operating cUxik-work, before 
disruption of the uppermost carbon occurs, the next pair 
of carbons is brought into position ; and the oi>eratiouR 
described continuing, there is presented the anomaly of 
an incandescent open-air lamp of indefinite duration, in 
which, by one operation, light is produced and carbon 
manufactured, so long as the supply of oil is main- 
tained. The objection to this lamp is that one-half of 
the current is always employed in renewing wasted 
carbon. 

Light by incandescence is considerably more costly 
light by the voltaic arc, when the volume of light 
obtainable is the sole consideration. The same exijendi- 
ture of power that will produce a light of 1,000 candles 
by the voltaic arc will not produce, on the average, more 
than one-half or one-third as much light by incan- 
descence in a divided circuit. It should not, however, 
be forgotten that the power of any light decreases as the 
square of the distance from it, and that one-fourth of the 
light of the arc distributed at four or five appropriate 
points, thus reducing the power of each liglit to one- 
sixteenth of tliat of the voltaic arc, will give substan- 
tially as good a general illumination as the voltaic arc. 
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The incandesfent. light is whatever may be desired. 
The voltaif-aif light is necessarily a powerful one. The 
objection to it, if used without a shade, is its great in- 
tensity and giiaatly effects, and in order to obviate these 
defects glass shades of more or less opacity are em- 
ployed, which, arcoi-ding to practical tests, involve a 
wastage in light of— 

With gi-oiind glass, 30 per cent. ; 

With thin ojml glass, 40 per cent. ; 

With thick opal glass, 60 per cent. 
In some cases the wastage ia nearly, if not quite, 75 
cent. 

The loss of liglit involved in the "toning down' 
the arc is clearly set forth in coniinned t^^sts of the 
power of the Jablochkoff candle, now extensively used 
in England and France. The actual power of this light 
is 4n3 standard candles, but owing to obscuration, occa- 
sioned by the opalescent globes with which it is neces- 
sary to surround the light, it is found that only 43 
cent, of its full power is available. In incandi 
lighting no such loss occurs, and the cost of the carl 
consumed, wliich in voltaic-arc lamps amount^^ to 
four to .six rents per h<iur per 2,(X)0 candles' light, is 
duced to an inconsequential figure. 

In eonclnding this chapter, it is proper tn remark tl 
the light of an incandescent carbon is very unlike that 
of the voltaic arc. Its characteristics are the character- 
istics of daylight ; and this is true to such an extent 
that, from its soft and agi-eeable nature and absence 
glaring effects, the degree of illumination afff»rded is 
always readily appreciated. 
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TN isolating the carbon conductor from deleterious 
gasea we have the choice of three distinct processes : 

1. Exhausting the globe of air ; 

2. Pilling tlie globe with nitrogen ; 

3. Pilling the globe with nitrogen, hydrogen, or hy- 
drocarbon gas, and exhausting. 

In all cases the interior surface of the globes and the 
j'works of the lamp enclosed must be absolutely dry, for 
tJie presence of moisture means the presence of the ox- 
ide of hydrogen, whose speedy decomposition sets fiee 
the destructive oxygen atom. A'^arious methods of arti- 
ficial drying have been devised, very few of which are 
serviceable here. The calcium chloride is not only an 
imperfect dij-ing agent, but has been found to work in 
some manner injuriously ; and the same is true, as to 
the first part, of concentrated sulphuric acid in its pur- 
est form. The degi-ee of diyness necessary is one, in 
practical operation, beyond the capacity of these chemi- 
cals. Anhydrous sulphunc acid is not only dangerous 
to handle, but injurious to the works of the lamp, and 
should never be used. The only suitable agent at pre- 
,-aent known is the jihosphoric anhydride, which must be 
chemically pure and is not imported in this country. 
"We have procured considerable quantities direct from 
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the manufacturers in Germany ; as used by Mr. Edison, 
it is prepared by liimseU by the combustion of phos- 
phorus in a lai'ge containing vessel, to which air is slowlj' 
admitted. The resultant vapor is condensed ujwn the 
sides of the vessel, which ia funnel-shaped at the bot- 
tom, and collecled in a glaas receiver below. 

Pi-otracted tests of many kinds of lamps show that in 
a perfect vacuum as to oxygen, and in an absolutely pure 
atmosphere of nitrogen, there is no consumi)tion of the 
carbon, wliich stands sha,rp and clear, except as to gra- 
dual decay of structure, so long as the volume of c\ 
rent supplied is not too great. 

From disintegration, more or less rapid, the carboi 
cannot be protected. It has been supposed that the en- 
tire absence of any atmosphere is more conducive to lon- 
gevity of the incandescent conductor than the presence 
of an atmtisphere with which it cannot enter into chemi- 
cal combination, because in the latter case there exists 
in the lamp a constant circulation of currents of the 
gas, due to the heat evolved, which may be supposed to 
" wash " the carbon, and, by some process of reasoning, 
to wast« it away. If carbon, heated to incandescence, 
usually became a soft, unstable ma~ss, inst^^ad of the 
hard, dense body it is, there might be some foundation 
for this idea, which perhaps originated from observa- 
tions of that form of disintegration in wliich extremely 
thin, feathery flakes are disengaged and float away. 
Their disengagement occiurs equally in nitrogen and 
vacuo, with this difference : that in nitrogen they are 
ried upward and around by the currents of heated 
and in vacuo they fall to the base of the lamp. 
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The preparation of nitrogen sufficiently pnre for the 
purposes o£ incandescent lighting is ordinarily an ex- 
tremely delicate laboiutory process. Prepared by the 
burning of phosphorus in a closed air-ciiamber, it is ut- 
terly inadequate ; for, however carefully its subsequent 
manipulations may be conducted, there are present at 
the outset too many elements of impurity, and a trace of 
phosphorus always remains. 

The best method of obtaining nitrogen that we have 
employed is that of Prof. Stillman. Solutions of ammo- 
nic chloride and potassic nitrite are heated in a glass re- 
tort. The vapor-gaseous product, consisting of nitrogen, 
water, ammonia, and nitric oxide (although the reaction 
I given in the text-books is KNO, + NH.CL = KCL -f 
I N, + 2H,0), is passed successively through the conden- 
) ser ; sulphuric acid (to remove excess of water), and so- 
lutions of iron, caustic potassa, and pyrogallie acid 
, mixed with caustic potassa, in Wolff's bottles ; and then 
I through long tubes filled with pumice-stone in pieces, 
t moistened with sulphuric acid. Finally, the gaa is 
, passed through tubes containing phosphoric anhydride, 
I and a combustion- tube containing melted sodium, to re- 
t move the last trace of oxygen, oxidized particles of which 
I are prevented from coming over by means of WoUTs 
k bottles fiUed with cotton. The gas is stored in tanks, or 
L In strong iron reseiToirs under pressure. Thus prepared 
I the cost of the nitrogen is about ten cents per gallon. 
In filling a globe the simplest process is that of 
* washing out," illustrated in Pig. 62, in which several 
■lamps are connected in series, and a divided circuit. The 
I gas passes from a receiver through a purifier consisting 
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of drying apparatus and a sodium tube, and thence 
through the lamps F seriatim, the first flow of gas being 
wasted, and the remainder collected in a second receiver, 
from which, when tilled, it is passed back directly into 
the fiist receiver by means of a connecting-tube ; and 
then again passes through the purifier and the lamps. 
As every gas acts as a vacuum towards every other gas. 




Fig. ra. Nitrogen Pri 



the lamps become ultimately filled with pure nitrogei 
In order to expel occluded air, it is useful to succi 
sively heat and cool the carbons while the nitrogen 
flowing. By closing and subsequently soldering th( 
stop-cocks, the hermetical sealing of the lamps is ef- 
fected. 

Exhaustion of air has been reduced, by means of the 
Sprengel pump, to a degiee heretofore thought unat- 
tainable. In the manufacture of the Edison lamp, the 
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method of exhaustion illustrated in Fig. 63 is employed. 
A is a Sprengel pump, B a drying-tube of phosphoric 
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Fig. 63. Ediflon ExhAostion. 
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anhydride, and C tbe lamp to be exhausted. The time 
required to obtain a nearly perfect vacuum in the lamp 
ie from ten to twenty hours, for tlie operation of the 
Sprengel apparatus is extremely slow. The degree of 




Fig. M. Sawyer Nil 



exhaustion ordinarily attained is supposed to be aboUil 
the one-millionth of an atmosphere. 

In order to improve and facilitate the process of i 
lating the carbon, the apparatus shown in Pig. 64 is em 
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ployed in the manufacture of the Sawyer lamp. A is a 
servoir of pure nitrogen under pi-essure ; B, the drying- 
J)e of phosphoric anhydride ; C. Sprengel pump ; D, 
' air-pump ; and E, the lamp or series of lamps 
5 he exhausted. The greater portion of the air is tirat 
rapidly removed by means of the machine pump D, 
when the stop-cock connecting it is closed, and that 
connecting the Sprengel pump is opened. By tliis ar- 
rangement the slowly-acting Sprengel pump has only a 
fraction of the whole work to do. As soon as the de- 
^bree of exhaustion equaLt the one-huntl red -thousandth 
Hhart of an atmosphere, which is but one-tenth as high as 
"that of the Edison lamp and is quickly accomplished, 
the exhausting process is stopped, and the reservoir stop- 
cock being opened, the globe is iilled with nitrogen. 
The reservoir is then shut off, and pumps X) and C are 
used as before, until the vacuum again reaches the one- 
^Jlundred -thousandth part of an atmosphere. The stop- 
^■ock of the lamp, shown in the lower figure, connected 
^Ky a rubber tiibe which is prevented from collapsing by 
an enclosed spiral spring, is then clo-sed by driving in 
the small tapering pin while the tube is still connected, 
and subsequently soldering. The proportion of air re- 
maining in the lamp is, therefore, the one-hnndred- 
thonsandtb part of the one hundred-thousandth part, or 
the one-ten-billionth part of an atmosphere, a degree of 
perfection aa readily obtained as an exhaustion of ,00001 
by other means. 

1 Filling and exhausting with hydrogen and hydrocar- 

1 ojierate to similarly reduce the quantity of 

ygen present in the lamp, but nitrogen is preferable 
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on account of its greater freedom from impurities. 
Wlien, liowe\"er. the liytlrogen or the hydrocarbon gas 
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is absolntely pure, it may be used with equal advanta 
and in spme cases is perhaps more readily obtainable i\ 
the pure state than nitrogen. 
In the plate (Fig. 65} the behavior of farl^ou under u 
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ryiug conditions is shown, but the difficulty of transfer- 
ring the observations of the eye to the engraver's block 
necessarily renders their illustration imperfect. In Pig. 
1 we have a perfect pencil, sealed in a substantially per- 
fect atmosphere or vacuum. 

In the pencil Fig. 9 is shown a cavity forming ; elon- 
gating, as in Fig, 3 ; and finally resulting in frac- 
ture, as shown in Fig. 4. This occurs in a lamp where 
Wmbustiou is obviated, iind would seem to be due to some 
letallic particle which forms a carbide, slowly extend- 
ing through the mass of the pencil. In Fig. 5 we have 
fce ordinary rupture, for which tliere may be any one of 
everal explanations : the presence of an impurity, as al- 
eady described ; a minute ci-ack in the pencil, at which 
he current concentrates ; or possible lateral strain acting 
ipon a point of weakness. The effect attempted to be 
flustrated in Fig. 6, in whicli the pencil is literally 
(ni"st, has been obsei-ved but once in our experience, and 
.8 was when the dynamo-electric machine was acci- 
dentally short-circnited for an instant, accumulating an 
intense magnetic field, which resulted in a sudden dis- 
charge of cuiTent of great power upon removal of the 
cause of the short circuit. The flaking-off of light, fea- 
thery-shaped particles of carbon, without comliustion, 
generally from the central and upper part of the pencil, 
is represented in Fig. 7. Disintegration of the points 
of contact of the pencil, when it is enclosed in an atmos- 
phere of pure nitrogen, is well illustrated in Fig. 8. 
In Fig. 9 the pencil is shown slowly consnming, in an 
atmosphere containing some oxygen, the wastage being 
greatest at the top and the pencil tapering downward to 
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its full size, due to the difference in temperature of dif- 
ferent parts of the jjeucil. Fig. 10 shows the pencil con- 
suming and diminishing uniformly in section, as in air 
or a full supply of oxygen, until, if thei'e is any pres- 
sure brought to bear, it softens and bends as shown 
in Fig. 11. Fig. 12 i-epresents a perfect Sawyer-Man 
loop, and Fig. 13 a loop fractured. In Fig. 14 the 
loop, diminisliing in section at points but otherwise 
perfect, is well represented. Bending of the loop from 
heat, as in Fig. 16, occurs only when at different 
points the carbon is reduced to a mere hlament and an 
arc is npon the point of forming. Long pencils held 
with connectors, one in each hand, and subjected in the 
air to extremely powerful currents, have frequently been 
bent into peculiar shapes, one of which is illustrated in 
Fig. 16. 

In Fig. 17 we hare a striking example of the 
tensity of the heat of an incandescent carbon. Owitt) 
to disintegration of the upper point of contact, one of 
the short Sawyer-Man pencils, losing its support while 
at limpid incandescence, was projected against the aide 
of the globe, through which it instantly passed as 
though the glass, which was one-twelfth of an inch in 
thickness, had been so much tissue-paijer, fusing its way 
slightly downward, and finally settling in the position 
shown, sealed in the glass as perfectly as a platim 
wire is sealed in a Geissler tube.* 
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• A sootion of the globe contj 
finw in the hands of Itr. Hopkin 
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"l| UCH has been written concerning the loss of light by 
subdivision of the current, and this has been vari- 
ously estimated, sometimes as the square and sometimes 
as the cube of the number of lights among wliich the 
current is divided. Upon what data and with what pur- 
pose these estimates have been made it is difficult to 
conceive, for they have no foundation in practical fact. 

If to the conducting pipe of a gas system a given vol- 
ume of illuminating gas is supplied in a given time, and 
all this gas ia consumed in a single burner in order to 
yield a given light, when we divide the volume of gas 
thas supplied among two or more burners the total light 
produced may, indeed, have greatly decreased. We do 
not, however, supply gas in this manner, but the volume 
of gas supplied is in direct proportion to the number of 
burners to be fed. 

What is true of gas is equally true of electricity. K 
a fixed volume of cuiTent, sufficient for one light, is fur- 
nished to a single lamp the maximum effect is produced, 
and if we divide this fixed volume among two or more 
lamps the total effect is greatly diminished ; but to sup- 
pose that such a division is contemplated is to suppose 
a similar operation in the case of gas, and criticism of 
statements based upon such a supposition is, simply. 
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waste of time and labor. When we increase tlie num- 
ber uf lights in circuit, we inci-ease the volume of cur- 
rent in proportion ; and the power of the total light is 
increased in proportion ; and the energy expended 
I)roducing the light, and therefore its cost, is inci 
in jjioportion. 

Witliout at this time entering into any consideratioi 
of the fact that the current fiom a single generator 
electricity has repeatedly been divided between from ti 
to two hundred incandescent burners, the operations 
the Brush system of voltaic-ai'c lighting set at rest ti 
question of economical subdivision. 

Two machines of the Brush type are selected for 
pa'rison — viz., the six-light and the sixteen-light 
chines, both of which are in practical use throughout 
United States — the light of each of the twenty-two lam] 
being of the same intensity as that of each and evei 
other lamp. 

With the six-light machine the total driving po' 
absorbed per minute is 236,940 foot-jjounds, or 39,' 
foot-pounds per lamj). 

With the sixteen-light machine the total driving power 
absorbed is 618,090 foot-pounds, or 38,630 foot-pounds 
per lamp. 

It is thus clearly shown that for each lamp added 
the circuit there is an expenditure of power in tiropor- 
tion to the additional work, the somewhat diminished 
power per lamp expended in the sixteen-light machine 
being mainly due to the element of friction, in which 
the percentage of absorption of power is leas in large 
than in small generators. 
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As a matter of fact, there ia no limit to the divisibility 
0f the electric ciiiTent. While the possibility and the 
' "impossibility of its divisibility become from time to time 
the subject of controversial discussion, practical subdi- 
vision is a daily concomitant of every telegraphic circuit. 
Even in telephonic transmission the current generated is 
divided between the transmitter and the receiving uistru- 
xnent, and in some large telegmphic stations the wires 
x^idiate from a single generator in several directions, and 
in the circuit of each of these wires, at towns and cities 
siloiig their route, there is placed a gi-eater or less num- 
"ber of instruments, each of which is energized from the 

►source common to all of them ; and the proportion of 
•current supplied to each Instrument is made substan- 
■taally the same in all cases by making the resistance of 
"the instruments uniform. The strength of the cuirent 
"t.hns supplied is, of course, inadequate to the operation 

i«f an electric-lighting system, as an ordinary main-line 
"telegraphic battery is inadequate to the operation of 
«ven a single voltaic-arc lamp; but if we increase its 
strength proportionately, and for each telegraphic in- 
stmment substitute an electric lamp, we as certainly ac- 
complish subdivision of the electric-light current as sab- 
division of less powerful currents is accomplished with 
telegraphic instruments. Indeed, the laws which govern 
the supply of gas to gas-bumei's and the supply of 
electricity to electric burners are daily recognized and 
availed of in the operation of telegraphic circuits. 

For instance, in operating a given number of tele- 
graphic instruments in series, we employ a given num- 
. l>er of cells of battery. Suppose, now, that we double 
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the number of inatniments and the resistance of the cdr- 
niit ; all the instrunients, since they receive proportion- 
ately less curi'ent. become practically inoperative, and 
we increase the numter of cells, and therefore the 
electro-motive force of the battery, in proportion to 
the additional work required, which is that of overcom- 
ing the added resistance. K, on the other hand, we 
divide the ciiiTent from a single generator among two or 
more lines, each including a number of instruments in 
series, we require a cuirent of greater quantity ; hence 
we increase the size of the elements of the generator. 

In electric ligliting there are five methods of diriding 
the current from a single generator of electricity: 

1. The series system. Passing the cuiTent seriatim 
through the lamps, as in the Brush system of lighting. 

3. The multiple system. Connecting the poles of the 
generator with two parallel wires, and placing each lamp 
in a branch ninning from wire to wire, as in the Edison 
and Maxim systems. 

3. The multiple-aeries system. Ccmnecting the ] 
of the generator with two parallel wires, and placing ^ 
number of lamps in each branch running from wire i 
wire, as in the Sawyer-Man system. 

4. The series-multiple system. Connecting one pole J 
the generator to a wire which, at the point at which 1 
is needed, divides into a number of strands, each contain-' 
ing a lamp or lamps, and which strands again combine 
together in a single wire, which runs to the next point oi 
division ; and so on indefinitely, returning finally to 1 
other pole of the generator ; as in the Sawyer systc 

B. The secondary system. Passing the main cun 
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through the primary wire (if an indiirtion-ooil. in the 
circuit of the aenondary ctiil of which the lamp is placed 
(I-'ie. 661. 
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Altematinjf i>r intermittent uurrents are eiuijloyed, and, 
^ to the reactive earth inductions, thin principle can- 
not be applied over any considerable territory. More- 
Borer, it involvea loss of power in the heating of the iron 
■core of the induction apparatus, is an indirect applica- 
fttfon of power, and, in electric as in all other forces, di- 
)ct application is found to be the most economical.* 
How to practically divide the current fi-om a single 
'source among a large number of incandescent lamps has 
been considered a debatable question. We shall content 
ourselves with glancing at the results which must follow 
Lan extension of the four systems which appear to be 

V * Aa recently as 1877-T8 sevpral cUimanta to this mpthod ot subdiviaion 
hkTB appeared, but the s; stem was patented in Engtand by IlnrrisoD in ISST 
(Lettnre- Patent 588), nnder the title, " ImproTomants in oliUiniiig Light by 
Eleotrioity," and it ia not quite elear that llarrigitii wax tlie original in- 
Ycnlor. The Ilarrisiin patent expiroJ iit 13TI, iinloHS tliu GoTernment l&xea 

B vers onpaid, in which cane it must hiivc expired at an earlier date. 
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snitable, assuming that in each case 1,000 lamps and 
lO.IMM) lamps are to be operated npon a single circuits 
Where there is a limited number of lamps either the 
series, the multiple, the multiple-series, or the seriead 
multiple systems may he employed with about equal a 
vantage ; but where the uiimber of lamps is increased t 
hundreds or thousands, as must l»e the case in any gen&i 
ral application of electric lighting, considerations novel 
in character rapidly present themselves. 
Taking first tJie series system (Fig. 67), in which thi 



current traverses the lamps seriatim, and assuming thai 
interruption of the circuit of any lamp wiU not interrupt 
the entire circuit, we have with 1,000 lamps a resistance, 
not including the internal resistance of the generator or 
the external resistance of the main conductor, of 1, 
oiims. With Hi,0(K) lamps the resistance becomes 10,( 
ohms. 

Can tills resistance be overcome by any practicable! 
construction of generator? 

The electro-motive force of current necessary to ope- 
rate an incandescent lamj) of one ohm resistance is, as to 
the lamp, such as will yield a voltaic arc -^ of an inch 
in length. The electro-motive force necessary to over- 
come the resistance of 1,000 lamps is, therefore, that 
which will yield an arc 31} incliea in length, or wil 
10,000 lamps an arc 26 feet in length. 

Assuming its existence, we need not descrilte the p; 
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bable effect of a current of such tension upon the i>erson 
of any one unfortunate enough to wmie in contact with 
the conductor, or tlie difficulty of inundating the con- 
iuctor at all ; but wili simply say that no generator could 
constructed ai-ound the commutator of which the cur- 
rent generated would not short-circuit. In other words, 
the current could not he produced exterior to the 
machine. 

With the multiple system (Pig. f<8i rhi' f(indition.s are 
+- 
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in some resperts reversed. The danger of a short-cir- 
euit occurring in any branch ia avoidal)Ie, and the elec- 
teo-niotive force of current being low, there would appear 

3 be no difficulty in insulating the main conductors. 

te questions arising in the operation of this system re- 
late particularly to the generator. 

Assuming that the generator is so constructed as to 
give a useful effect in the external cii-euit of any percent- 
Rge of the tdtal current, say 75 per cent., and that the 
lesistance of the lamp used is 200 ohms instead of one 
ohm (for comparison with a low-i-esistance lamp would 
obviously be unfair to a system in which lamps of high 
resistance only are employedl, the internal reaistanre 
. of the generator would be 66.80 ohms, and the total re- 

Istance of the circuit 266.66 ohms, 8npiK)se now that 

B add another lamp to the circuit of the machine ; we 
luce the external resistance to loo ohms, because the 
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current has now two paths to traverse, each of 200 ohms 
resistance. The total reaiatance of the external circuit 
B.66 , 



- of the current is wasl 






ed in the machine. Let the number of lamps be t 
then we have an external resistance of 20 ohms, and s^ 
total resistance of 86.66 ohms. We thus obtain in the 

_20_ 

86.66 

about 23 per cent. Extending the calculation to one 
hundred lamps, thus making the external resistance two 
ohms, we are able to utilize less than 3 per cent, of the 
current generated. In order to be able to operate one 
hundred lamps with a utilization of 50 per cent, of the 
whole current, we must, therefore, reduce the internal 
resistance of the generator to two ohms ; with one thou- 
sand lamps, its resistance must be reduced to two-tonths 
of one ohm ; and with ten thousand lamps, to two one- 
hundredths of an ohm. In order that there may be but 
little loss in the main conductors leading from the gen- 
erator, they must be of large size, for the resistance of a 
copper conductor weighing four pounds per foot is sub- 
stantially four one-hundredths of an ohm per mile ; and 
as there are two mains, the total resistance of the con- 
ductors, costing, as bare copper at 30 cents per pound, 
$12,673, is eight one-hundredths of an ohm. With snch 
a conductor, the total resistance of the circuit of 1,000 
lamps would be .48 of an ohm, divided as follows : gen- 
erator, .2 ; mains, .08 ; lamps, .2. There would thus be 
wasted in the generator 41$ per cent, of the current, and 
in the mains 16| per cent. ; utilized as light, 41§ ] 



DIVISION OF CURRENT ANT) LIGHT. 



I 



cent. To brinp the ntttizafinn np to between 49 and 50 
per cent., the mains must weigh 32 pounds per foot, and 
will therefore <'oBt ^101,370. The re8j)ective resistances 
will then be: generator, .2; mains, .01 ; lamps, .2 of an 
ohm. 

In corresponding ratio the size of one mile mains for 
10,000 lamps must be increased, if we desire to approach 
a realization in light of even 50 per cent, of the current 
generated, and the internal resistance of the generator 
must be reduced to twoone-hundredlhs of an ohm. We 
shall not pause to consider the character of a generator 
of the required power and of so low an internal resist- 
ance, for we have no practical data upon which to base 
an opinion. The production of a generator of the resist- 
ance given, combined with the capacity indicated, is at 
all events possible. Concerning the requirements of any 
multiple-circuit generator, however, we are enabled to 
see that it must be one of multiple induction, the coils of 
which shall be automatically joined together to form a 
multiple internal circuit, which shall both increase the 
quantity of the current generated and reduce the inter- 
nal resistance of the generator in proportion as the num- 
ber of lamps in the external circuit is increased and the 
external resistance reduced. In the mechanical constnic- 
tion of BHch a generator there is a wide field for study 
and experiment. 

Referring now to the multiple-series system (Fig. 69), 
it is evident that, in operating 1,000 lamps of 200 ohms 
resistance each, there may be one hundred branches 
across from main to main, and in each branch ten lamps, 
which would make the external resistance of the circuit, 



124 ELECTRIC LIGHTING BY INCANDESCBSCE. 

not including thjit of the mains, 20 ohms f^^^^ = 20). 

With a resistance in the mains of one ohm, and in the 
generator of five ohms, making the total resistance twen- 
ty-six ohms, there is utilizable as light the ten-thirteenth 
part of tile ciiiTent generated, or about 77 per cent. Ap- m 
plied to lamps of low resistance, as one ohm each, 



Fig. BB. Moltlple-Serien Ciniiiit, 

aiTangement would have to be materially changed ; for, 
unless changed, the external resistance of the lamp cir- 
cuit would be but one-tenth of an ohm ( '^ ■ = .l\ 

and the total resistance of the system 6.1 ohms; whence 
it follows that we would only be able to utilize in the 
production of light 1.64 percent, of the current gene->a 
rated. 

Reversing this arrangement and providing 10 branches, J 
each containing 100 lamps, we have a circuit resistance c 

10 ohms ( — — - — = 10 J; and with a genemtor resistant^ 

of 2,5 ohms, and a resistance in the mains of .25 ohn 
making the total resistance 12.75 ohms, we are enabla 
to utilize as light 78 per cent, of the cuiTent generated J 
but we must light substantially the entire hundred lamji 
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in each branch at once and extingnish them iill at once, 
or else we must waste the cuiTent which would go to the 
lamps in equivalent artilicial re- 
fiistances when we extingnish a 
part of the lamps ; for, as the cur- 
rent is to be eqaall y tli vided among 
all the branches, a branch must in 
practice either be entii-ely cut off 
from, or its entire resistance Inter- 
posed in, the cireuit. 

In the fourth or series-multiple 
system of subdivision (Fig. 70), a« gfe 
in the multiple-series system, the 
resistance of the external circuit 
may be anything desiied, and 
there may be opei-ated in the same 
circuit very many different combi- 
nations of lamps. The main con- 
ductor, which is single as in the 
series system, is cut at the points 
at which light is desired, and from 
the two disconnected ends a num- @ 
ber of small conductors are run 
each to a lamp or a series of /;^ g^ /g?\ /^ /:a 
lamps. In the operation of 1,000 S^ V S^ v^ V 
lamps by this system there may 
be, say, one hundred points of 
divergence, and at each of these 
points ten lines of wire contain- 
ing one lamp each. Thus the re- 
sistance of the lamp circuit is 
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- = 101, and with a generator-] 



/lOO X 1 
10 

lesistance of S.6 pbms, and a resistance in the connecting! 
condnctors of .25 ohm, we utilize as light 78 per cent, o 
tlie whole cuiTent. With 10,000 lamps there may be 50( 
points of divergence, each containing 20 lamps, by which; 
ajrangement the resistance of the lamp circuit becomeSj 

25 ohms { — -C— = 26 J ; and with a generator resist-l 

ance of 5 ohms, and a resistance in the connecting con- I 
diictors of 1 ohm, the propoition of cuiTent available for | 
light is 80 per cent, of the total production. 

We might continue these calculations indefinitely, but 1 
to no further purpose. The flexibility of the system is ^ 
obviously such as to permit of any regular combination '. 
of lamps whatever, and thus to obtain any external re- 
sistance whatever ; and it will be found to peraiit eqiially 
well of all in-egular combinations, so that in one division, 
where the volume of light required isgi-eat, there may be, ■> 
say, five lamps in multiple, and in the next division, where i 
the volume of light required is ordinary, there may be 
ten lamps in multiple, each of the latter receiving but 
one-fourth as much current as each of the former, be-_ 
cause the joint resistance of the ten lamps is .1 ohn 
while the joint resistance of the five lamps is .2 ohmi 
and the ten lamps receive but half as much cuiTent i 
the five lamps, while the number of lamps is doubledJ 
Tile closing-up, short-cireuiting, or reducing the resiatJ^ 
ance of any division acts simply to reduce the resistauoi 
of the whole circuit, in the same manner as removing i 
portion of the lamps in a simple-series system. The i 
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lative advantages of the multiple-series and the series- 
multiple systems can only be determined by the number 
of lamps operated from a single source and the practical 
operation of both systems, although there are considera- 
tions of simplicity which would seem to favor the series- 
multiple arrangement of lamps, whose connection with a 
line of dwellings is illustrated in Fig. 71. 
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{ LTHOUGH it ia matter of comTDon knowledge thj 

carbon loop or pencil, intensely heated by the j)as- 
sage of the electric current, becomes luminous, it is not 
genemlly known what proportion the degree of lumi- 
nosity bears to the strength of current. The precise re- 
lations of the current supplied and the light produced 
have never been detennined ; but results which, it is be- 
lieved, closely approximate the truth were first obtained 
in August, 1878. 

A Sawyer-Man lamp of high resistance (.6 of an ohm) 
was employed in the tests then made ; but it should be 
borne in mind that, without reference to the length or 
cross-section of the carbon, so long as the cuiTent sup- 
phed is in propoi-tion to its length and cross-section, the 
percentages obseri'ed in one lamp are the percentages of 
all lamps in which wastage of the carbon by chemical ac- 
tion is obviated. Disintegration at the points of contact 
when these are imperfect, meclianical disengagement of 
particles of the carbon, and nipture diie to imperfections 
in the constitution of the carbon are occurrences common 
to all incandescent lamps. 

A dynamo-electnc machine wound expressly for the 
purpose, and driven at an unvarying speed, was used ; 
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and as there was abundance of power, and as the speed 
remained constant under almost any circumstances, it 
was deemed necessaiy, in order to obtain a satisfactory 
reanlt, that the resistance external to the machine should 
be kei)t constant. Therefore the internal resistance of 
the lamp to be experimented upon was measured, and it 
was found to be as stated. A new form of cmrent-rega- 
lator, afterwards known as the Sawyer-Man switch (Fig. 
72), was employed in the teats. The poles of the gene- 
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Fig. 7!. The Sawyer-MM Bwlteti. 

rator had connections at the -|- and — points, A being 
a sliding-bar, and the cross-piece B being a spring con- 
tact-piece brought to a beai'ing upon the two rows of 
studs 1, 2, 3, 4, 5, 6. 7, 8, accordingly as it is moved 
backward or forward. Whatever irosition the cross- 
piece assumes, it will be noted that the resistance of the 
circuit from the -\- to the — point is the same. In the 
position shown, all the current traverses the lamp. With 
the contact- piece B hearing upon the studs 7, 7, two 



RBGrLATORS AND SWITCHES. 



181 



paths for the current are afforded, one by way of a re- 
sistance of .10 ohm and the lamp outward, making a 
total resistant* of .70 ohm in that circuit, and the other 
by way of resistances of 2,10, .70, .35, .21, .14, .10, and 
.60 ohms outward, the sum total of which series of resist- 
ances is 4.3 ohms, thns sending through the lamp six- 
sevenths of the cun-ent, while maintaining the resistance 
from the -|- to the — jioint the same. 

It was found that when the volume of current supplied 
to the lamp was three-sevenths of the whole current, the 
contact-piece B bearing upon the studs 4, 4, the carbon 
was brought to a low red-heat. With four-sevenths of 
the current supplied to the lamp, the carbon gave a 
light of about one candle ; with five-sevenths of the cur- 
rent, the light, measui-ed by a Sugg photometer, was 
three candles ; with six -sevenths of the current, nine 
candles ; with the whole current, twenty -seven candles. 
When the contact piece B was bearing upon the studs 
1, 1, the whole current passed through the artificial re- 
sistance of .60 ohm. The gradations of light by this 
means being too sudden (from less than one candle-light 
to three candle-light, from three to nine, and from nine 
to twenty-seven candle-light), the resistances were subse- 
quently changed so as to admit to the lamp first one-half 
of the current, then five-eighths, three-quarters, seven- 
eighths, fifteen-sixteenths, thirty-one-thii'ty-seconds, and 
finally the whole current. With this arrangement the 
gradations wei'e gradual and pleasing. 

The disparity between the volume of current supplied 
and the intensity of the light obtained is very clearly in- 
dicative of the requirements of an incandescent lamp. 
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Since five-sevenths of the total cnrrent for a single lamp 
produces but three candle-light, while the whole current 
produces twenty-seven candle-light, or nine times as 
much, it follows that in order to secm'e the maximum 
economy the carbon must be laised to a high tempera- 
ture. For if we have a supply of current equal only to 
the maximum requirements of lifty lamps, from which 
we may obtain a sum total of 1,350 candles, we cannot 
divide this current among seventy lamps without sns- 
taining enonnous loss, as the sum total of light given 
by the seventy lamps will be but 310 candles, while 
the expenditure of power will be the same. There 
is a compensating influence in the case of lamps in 
series driven by a dynamo-generator, consisting in the- 1 
increased percentage of current exterior to the gen- 
erator when the resistance of the external circuit ia in- j 
creased. 

To sustain the high temperatures necessary to the 
economical operation of an incandescent-lighting system 
the carbon must be hard, dense, and substantial ; and in 
the absence of these qualities is found the explanation 
for the inefficiency of fine, filamentary carbons, which 
can never be safely brought above the temperature of a 
gas-flame. Carbon incandescence (that of white light), 
unlike the incandescence of an iron or platinum conduc- 
tor, is of two grades and various intensities. In the first 
the carbon is intensely white, and its form optically 
broadened and lost in a surrounding haze of light. In 
the second and more intense incandescence its form 
stands out sharply defined, and it appears no longer 
opaque but limpid, seemingly tmnslucent, like the body 
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of the 8iin. It is to this degree of intensity tliat econo- 
mical lighting by incandescence is contiued. 

The Sawyer-Man switch affords a i-eady means of divid- 
ing the current in any desii-ed manner, wliile maintain- 
ing the resistance of a cu-cuit constant. Thus any num- 
l>er of lamps provided with it may be operated by a 
single generator, and any jjortion of them may be regu- 
lated to any desii-ed degree of intensity without affecting 
other lamps in cu'cuit. The objection to its use consists 




I 

I in the fact that when a lamp is extinguished the work of 
the generator is not lessened, but the entire current that 
served to operate the lamp is wasted in heating an artiti- 
|-oial resistance. It was this consideration that led to the 
Jdesigning of the graduating switch (Fig. 73), which is 
■"fixed to the wall of a room or in any other convenient 
I ^iace, or attached to the lamp-fixture. In this switch, 
l^hich is illustrnted apart in Fig. 74, there ia an insulat- 
; disk, upon which are fixed fonr brass segments of a 
Over this disk is placed the biass enclosing-cap, 
hrough which passes loosely a slotted iron pin carrying 
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a brass contact-bar, which is forced to a bearing nprai 
the brass segments by means of a steel spring coiled in 
the head of the cap. Upon the end of the iron pin the 
finger-piece is finally screwed. By turning the finger- 
piece in one direction or the other the light is turned on 
or off, or regulated to intermediate points of intensity. 
In Fig. 75 the switch, as attached to the arm of a chan- 




delier or bi-acket, is illustrated, the circular t 
end of the arm being shown partly, in section. The 
lamp is fixed to the nipple above the switcl^-case, and the 
insulated conducting-wires pass through the hollow arm. 
The connections of the switch are shown in Fig. 76. 
When both ends of the ortjss-liar A are bearing ujion 
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-irment 4, the whole cnrrent jiasses through the 
imp. WTien the crosa-bar bears upon segmentis 3 and 
•I. ihe current divides, a part passing throngh the lamp 
^imi part thi-ough the artiticial resistance of .50 and .25 
I'lim. When the cross-bar bears upon segments 2 and 4, 
rhe current is divided between the lamp and the artiti- 
(iaf resistance of ,25 ohm. Bearing upon segments 1 
and 4, the lamp is short-circuited and practically re- 
ceives no current. The artificial resistances are jirefera- 
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bij- made of naked copper wire exposed to the air or 
embedded in plaster-of-Paris and enclosed in the ca«e 
(Fig. 75). 

By means of this switch it is clear that when a lamp 
is extinguished its resistance is removed from the circuit, 
and the current ia not wasted in heating an artificial re- 
sistance. But in order that the changes which take 
place in its circuit may not add to or lessen the volume 
of CTirrent supplied to other lamps, it is necessary that 
the changes which occur in its circuit shall in some man- 
ner react upon the soui'ce of the current ; and this brings 
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US to the considenitioD of regulators operating to supply 
current iu proportiun to the i-equirements of a system. 

Before taking up this subject, however, a form of 
switch designed for use upon a circuit of lamps in series, 
where interruption of the circuit at any one lamp would, 
without it, result in extinguishing all the lamps iu cir- 
cuit, will lie described. 

In FifT. 77 the switch is shown as fixed to the wall of 




the room, and also with its cover and fingei-piece apart. 
In Pig. 78 the interior mechanism is illustrated. In Fig. 
79 we have a diagram of the connections. 

A is the magnet-lever ; B and C are other levers ; D i.s 
a cam opeiating to raise and lower lever C, which is 
pressed downward by coiled spring H. Lever B is 
pressed upward by insulated spring E. F and G ai-e 
stop-pins, and I is an artificial resistance. 

In the position shown lever A Is in contact with stop- 
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pin G. Lever B is in contact with stop-pin V, but not 
with lever A. Lever C is in contact with cam D, but 
Tifit with lever A. Tlie ciirrent, tlierefore, passes from 




I the + point thi-ough the ooils of tlie magnet to the lamp 
land outward at the — point, the armature-lever being 
Bittracted to its contact with stop-pin G and the entire 




current passing through the lamp. To extinguish the 
light c^m D is moved a little to the right, but not leav- 
ing its contact with lever C, when lever C i 
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downward to a contact with lever A. Tlie lamp is thus 
short-firt'iiited, the current passing from tlie + point 
through level's A iind (J to the cum I) and outward at 
the — point. To give the lamp sufficient cunent to 
produce one-lialf its full light, the cam D is moved fur- 
ther to the right, so as to pass from its contact witli 
lever C. Then lever 0, falling further, forces lever A to 
make connection with lever B, and the current divides, a. 
jKirl flowing from the -j- point tlu'ough the coils of tte 
magnet and the lamp outwai-d, and the remainder tto-wr- 
ing. by way of levers A and B and resistance I, outwa-ird. I 
to the — i)uint. With the cam turned to the mtenxi^- 
diate point the lamp is extinguished. Turaed as far sas 
it win go to the right, one-lialf of the liglit is emitt^ -^l. 
Turned as far as it will go to the left, the maximum i_Ti- 




1 



tensity of light is produced. In the event of an inter- 
ruption of the lamp-circuit the lever A, wMch, when "tl*^ 
circuit is complete, is attracted by the magnet, dropa ^ 
contact with lever B, and the circuit is re-established t'J' 
way of resistance I. Lever A can only be drawn towa**^^ 
the magnet when the pressure of spring H is remoV^* 
by raising lever C from its contact with lever A. 

A form of artificial resistance useful in electric ligl*- 
ing is illusti'ated in Fig. 8(), in which a rod of carbon -^ 
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held in brass connecting-clamps upon a soapstone base. 
A thin piece of platinum, to ustablish perfect contact, is 
placed between the end of the carbon and a plate of 
brass ujion which the upper set-screw presses. Copper 
wire foi' artificial resistances is preferable to iron wire of 

■ equal diameter, owing to the gi-eat«r surface exposed to 
Ktadiation and convection of heat by (he better conduc- 
Btor ; and copper ribbon, for the same reason, is preferable 
^Ho either. 

B In the Edison and Maxim systems of lighting the ordi- 
nary make-and-break circuit switch is employed. In re- 
spect to simplicity it cannot be improved, but it affords 
no means of graduating the light, which must either Ih; 
bfcept at its full jiower or entirely extinguished. The 
^Hidison switch, however, like the switches employed in 

■ the Sawyer system, does not interpose current- wasting 
resistances when no light is required, the supply of elec- 
tricity being supposed to be regulated at the generator in 

I proportion to the requirements of the circuit. 
Many attempts at automatic regulation of the supply 
of current have been made both in this country and 
abroad, the nearest approach to its realization by for- 
tigji electricians Tieing the device of Br. Siemens, who in 
January, 1879, proposed to place a number of carbon 
disks in an in-sulating tube, -paaa the current thTOUgh 
- them, and by means of a platinum wire, also in Ihe cir- 
kgnit, to vary the conductivity of the carbon pile by varj'- 
Hrlng the pressure of the disks uikju each other. For 
several reasons, unnecessary to state, this arrangement 
ooukl have no i)ractica! applicatit)n in an electric-light- 
ig system. 
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The conditioDa to be met are not so easily met as might 
appear from a supertieial examination. Let lis suppose 
that there are ten lamps, of one ohm resistance each, 
arranged in multiple circuit, and that each lamp receives 
one-tenth piui; of the whole current, Sup))08e, now, 
that we add a lamp ; tlien each lamp receives but nnv- 
eleventh of the former cun-ent. We must, therefore, m 
increase tlie .sui)ply that each of the eleven lamps shall 




receive as mudi current as each of the ten himi)s i-eceirt* 
before. To accomplish this increase, there are two very 
similar forms of regulators, the first of which was patent- 
ed by Sawyer & Man, June 25, 187B, and the second of 
which was recently devised by Mr. Maxim. The latter 
is illustrated in Fig. 81. Its opemtion is as follows : , 
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one of the branches across the two main condactors of a 
multiple-circuit system is placed the electro-magnet A. 
A proportion of the cuixent, dependent upon the diffe- 
rence in the resistance of the magnet biunch and that of 
all the multiple lamp branchea, truverses the magnet- 
L*oil8 ; and as this proportion varies accoi-ding to the num- 
Bber of lamps in circnit, it is obvious that the foi'ce with 
* which its armature is attracted varies. When the sup- 
ply of cuiTent is insuflicient the armature is released, and 
by means of a system of gear-wheels, continuously in mo- 
tion, the shaft B is rotated in one direction, and the com- 
mutator-brushes of the genenitor are thereby so set as to 
supply a greater volume of current. When, on the other 
hand, the supply of current becomes too gi-eat, by reason 
of the removal of lamps from the circuit, the armature is 
attracted, and through the system of gear-wheels men- 
tioned the shaft B is rotated in the opposite direction, 
and the commutator-brushes ai-e thereby so set as to 
yield a less lolume of cuiTent. These are the principles 
of this regulator, which it is only reasonable to supjwse 

kis as yet undeveloi)ed. The considerable changes in cur- 
fent-force necessary to its operation are such as to cause 
a rhythmical increase and decrease of tbe intensity of 
light from the lamps connected with it, owing to the 
failure of the armature mechanism to act until the 
strength of the current has too far exceeded or fallen 
too far below the point at which it must remain in order 
to produce no appreciable alteration in the intensity of 
the light. The interposition of a sensitive relay, ojjerat- 
ing to open and close the circuit of the magnet A, in- 
stead of placing the magnet A in the lualn circuit, would 



L 



14a 



ELECTRIC UGUTlNti BY INCANDESCENCE. 



have operated to maintain the intensity of the light 
<:onstant.* 

In the Sawyer system of regulating the supply of ciir- 
rent, without regard to the speed of the genemtor or the 
electro-motive force of the current (Pig. 82), we have first 




Pig. aa. SjBtom of Beguislion. 



t<j find the proper relation between the strength of cur- 
rent and the number of lamps to be operated. Let us 
suppose that there are ten lamps arranged in series, 
and that the full current is exactly sufficient to operate 
these lamps at their maximum intensity. At any point 
in the circuit we place an electro-magnet, B, having the 
sensitiveness of a telegraphic relay. The relation of this 



• In Letters-Patent of tlie United States, No. 2S3.6S9. at January 80. 
1880, granted to Profesaore Thomson and Honaton, menibera of the Frank- 
lin Institute ot Philadelphia, the principles of this regulator are descrihcd. 
with the following olaira ; 

" As a motor for pffeeting the adjuatmant of the commutator collecting 
brushea, an electro- magnet, M, traversed by the current, or a portion of the 
current, of the machine, whose attraction upon its armature, N, moves said 
comrantator collecting brushes in one direction, motion in the other diMO- 
tion being obtained by the action of a apring." 




f inagnet towards the regulating apparatns is actiially the 
Bame as the relation of the telegraphic relay towards the 
local telegraphic inetrument. The armature-lever of this 

k magnet is set between two contact-jiouits, between which 
jt plays withoiit appreciable motion. Indeed, both 
points may be in ai^tual contact with the lever, so that 
the latter shall not move at all ; but the local circuit 
shall be changed by the change in resistance due to the 

»mere difference in pressure of the relay -lever upon the 
separate contact-points. Thus aixanged, variations in 
Hie strength of the lighting current, sensible only to a 
galvanometer, may be made to operate the circuit of a 
local battery, and thus to energize electro-magnetic regu- 
lating mechanism, 
^b Let C C be the ten lamps in circuit, and A a rotating 
^pcontact-lever. D D represent a series of ten artificial 
resistances, the sum-total of which is 2.5 ohms. The sum- 
total of the resistance of the ten lamps in circuit is also 
3.5 ohms. When all the lamps are in operation, the cir- 
M^nit passes from the + point to the stud No. 1, and 
HEifaence through relay B and the ten lamps C C to the 
— point. Tlie resistance of B is for convenience disre- 
garded, as it is but a fraction of the total resistance. 
Suppose, now, that we extinguish half of the lamps by 
HUiort-circuitiDg them. The resistance of the lamp cir- 
Henit is reduced to 1.25 ohms, and the effect of the current 
^■ipon B is correspondingly increased. Its lever at once 
Actuates the regulating mechanism, which moves lever A 
"to contact with stud 6, thus bringing the resistance of 
e circuit to its normal point — viz., 2.5 ohms. The same 
tion ensues whenever a lamp is short-circuited, and 
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the reverse action whenever an additional lamp is thrown 
into the circuit. In prartire the resistances D D are 

KH'jiliT in iiuinher:niil (■:: ■ tine than described, 




but the Bum-tota! of all remains the same. The lererfl 
B in practice is in constant vibration between its conti 
points, and the lever A is in constant vibration hetw^ 
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two contiguous studs or segments of the circle, in addi- 
tion to its positive movements over a gi-eater or less 
number of studs. 

In the engi-aving {Pig. 83), from a photograph, is illus- 
trated the Sawyer electro-niaguetic i-egulator. The large 
gear-wheel, whose shaft carries a i-otating contact-arm, 
corresponding to lever A of Fig. 82, making connection 
seriatim with a number of insulated segments of a circle 
enclosed in an oval-top case, is set in motion by a pinion 
on the shaft of a small reversing electric engine enclosed 
in the centi-al round metal case. When there is too 
great a supply of ciUTent, the armature-lever of the mag- 
net in the main circuit establishes the local circuit of a 
commutator which diives the engine in one direction ; 
■when there is too little current, the armatni-e-lever estab- 
lishes the circuit of a second commutator which diives 
"the engine in the opposite direction. In the first instance 
resistance is introduced in the main circuit. In the sec- 
ond instance resistance ia removed from the circuit. 

Imperfections due to the oxidization of contact-points 
in the electric engine, and the t)ccasional failure of the 
engine to respond to changes in its circuit, led to the 
[ abandonment of what was otherwise a successful regular- 
tor, and the substitution therefor of hydraulic-cylinder- 
iand-piston mechanism, constituting the regulator sliown 
in Fig. 84, which is also from a photograph. 

The internal arrangements of the regulator are shown 

in Fig. 85, in which J is a hollow metal base containing 

pthe various resistances connected with the 18 pieces, P, 

Corresponding to the 10 studs or segments of Pig. 89. B 

is a cylinder fixed to the base J and open at the top. 
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CloBely fitting in cylinder B is the cylinder A, open at 
the bottom. Supported by a tube passing through the 
base, and closely titted in" cylinder A, is the piston C. 
Insulated upon one side of cylinder B is a stationary con-a 
tact-plate, E, to which one pole of the generator ia at-^ 
tached. Insulated upon the opposite side of the cylinder 
are the 18 gi'ooved central plates F. Running in the 
grooves of E and F are two contact-aiins, G and H, 
whose pressiire upon E and F is regulated by spring I, ■ 
The cnrrent, therefore, passes by way of i)late E to armsfl 
H and G and a contact-plate P outwardly, as shown in 
the regnlator-connections, Pig. 82. The ends of the cores 
of an electro-magnet, K, provided with an armature-lever, 
L. pass tlirough the piston-head, and serve to open and^J 
close the valves N M. When the magnet K is not ener-S 
gized, a coiled sprina; forces the annature away, and valve 
N is opened to the flow of a stream of water, and valve M 
is closed against its escape into the lower chamber and 
outwardly through the exit-tube O. Therefore the cylin- -J 
der A rises. When the magnet is energized, the \-alve N I 
is closed and the ingress of water stopped, while valve M 
is opened and the water contained in the upper chamber 
is allowed to escape. The cylinder A then falls by its 
own weight as rapidly as the escaping water permits. , 
By a suitable aiTangement the waste water is used to I 
cool the various artificial resistances. The local circuit i 
of the magnet K is established by the back contact of the j 
relay-lever. The movements of the cylinder A areJ 
smooth and the changes rapid. The contacts of G and i 
H with P and E are of a firm and substantial character. 
With a pres.sure of 10 pounds of water and a piston 1 
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area of 10 square inches, the cylinder A is raised abov« 
its weight with a force of 50 pounds ; and as its weight 
is 50 pounds, it obviously falls with the same force. 
With a piston area of 80 square inches and 20 pounds 
pressure of water, a circuit is operated, with singularly 
rapid changes in the direi^tion of movement of the cy- 
linder, with an upward force in the cylinder of 1,600 
pounds. There is apparently no limit to the powerful 
effects thus producible by minute changes in the strength 
of current supplied to a system of lamps, Ry means of 
these regulators, the changes in the circuit occasioned by 
the Sawyer switches for graduating the light are in- 
stantly balanced ; but the fact remains that as much 
power is expended in driving the generator when there 
are a few as when there are many lamps in circuit, and 
in a general distributing system, where economy is the 
prime consideration, such regulators, however perfect in 
their operation, can have no practical application. 
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GENERAL DISTRIBUTION. 



THE date of the oiiginal conception of the idea of a 
general distribution system, supplying electricity 
from a central station to an entire city, and the identity 
of the person firat conceiving this idea, will probably 
never be satisfactorily determined. The one most de- 
serving of honor in this respect would appear to be 
Starr, As conceived by Sawyer, thirty years later than 
the time of Starr, it was patented in the United States 
August 14, 1877, and it is believed that this was the first 
systematic reduction of the idea. The illustration (Fig, 
86) is a fac-simile of the flret sheet of drawings accom- 
panying the specification, printed by the United States 
Patent Office : R being the central station, in which the 
generators a, a\ a', a" are located ; b, blocks of houses ; 
c, points of divergence of mains to lamps, e ; and d. back 
areas.* 



• The toUowiiig slaiement occurs in the speeiflcnticni ot these Lettera- 
Fatcnt: 

" The object of my inventinn is to supply the streets, blocka, or buildings 
ot a town or city in a practicable manner with any desired quantity of elec- 
tricity for the purpoaos of electric i! hi mi nation, electro-plating, the running 
of electro-magnetic engines, etc. I place the generator or generators of 
electricity in any convenient portion ot a locality, whence I carry the neces- 
sary conductors over or under ground to the streets, blocks, or buildings in 
which the current is to be utilized. In place of electric conductors leading 
from a central station, I may substitute tubes or pipes, through which water 
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The considerations involved in a general distributing 
system are of a more complex character than has yet 
been indicated. In a system in which the lamps are 
ari-anged in series the introduction in circuit of addi- 
tional lamps must operate to increase the electro-motive 
force of the current supplied to the circuit. On the 
other hand, in a system in which there is a multiple 
arrangement of lamps the introduction in cu'cuit of ad- 
ditional lamps must operate to increase the quantity of 
current supplied to the circuit. In a combination of 
these two systems there must be a combination of the 
two operations. 

It may be assumed at the outset that in any piactical 
distributing system, the power expended at the generat- 
ing station in producing current must be proportionate 
to the current requirements of the system, for obviously 
we cannot economically expend as much power in ope- 
rating a few lamps as in operating a large number of 
lamps. When we reduce the number of lamps it l'^ 
necessary that we correspondingly reduce the expendi- 
ture of power in current production as well as the sup- 
ply of current to the circuit of the lamps. To a certain 
extent this must be done automatically ; and since power 
is already provided with the practical adjuncts of Con- 
or compressed air is carried to a building, there to drive magneto-electric 
apparatuB, etc., for local work. The advantages ol my invention are that it 
enables householders to obtain a supply of electricity for any purpose with- 
out the care and inconrenience attending the maintenance ol local liatte- 
riea; that it greatly reduces the cost of electricity to consumers; and that it 
tenders practicable the lighting of buildings by electricity. I ciii not limit 
I myself in any way as to the nutnber o( conduits for any locality, or the 
Lpnrpose for which the electricity is used in combination with my central 
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trol, we must look to the electric regulatoi' for the int€ 
mediary means of siipjilying current in proportion to t 
demand. 
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To a limited extent, starting from a jioint of minimum 
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Scieocy, we may economically increase the value of the 
current by increasing the speed of the generator. In 
this we have the first element of variability in genem- 
Ktion. Beyond this point, we may increase the value of 
pthe current by increasing the intensity of the magnetic 
field, in which consists tlie second element of variability ; 
and as a third element of variability we liave the con- 
necting in circuit of additional generators or parts of 
I generators. In Fig. 87 the appai-atus of a distributing 
system, comprising all three elements, is represented. 

The generating elements C D E P are constantly in 
motion, and practically they consume power in propor- 
tion to the intensity of their magnetic fields. The ma- 
i chines E F serve to excite the field magnets A B of 
1 generators C D, and the intensity of magnetization is 
governed by the speed of revolution of E F and the 
amount of resistance, O, interposed in their circuits. 
The hydi-aulic piston mechanism of Fig. 84 acts posi- 
fcrtively in both directions, the piston moving up or down 
Baccordingly as water ia admitted to one end or the other 
of the cylinder. The supply of water is by way of the 
3iipe3 U, and its waste is through pipes V ; magnets T 
T' operate the two sets of valves. The piston-rod X has 

» "three distinct functions : firstly, through suitable mecha- 
Xism it regulates the supply of steam in connection with 
the governor of the driving engine ; secondly, by means 
«f resistances, O, in the cii-cuit of the exciting-machine it 
Tories the intensity of the field of force of the gene- 
^*^tors C D ; and, thirdly, it connects the generator D 
1*1 circuit when the requirements of the circuit become 
Sx^ater than the capacity of generator C. and vice versa. 
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The contact-arm N serves to vary the magnetic inten- 

1 sity of generators C D by changing its position of con- 

; nection with the insulated contact-plates M. The pins 

[ Q Q, insulated from the piston-i-od by collars P, serve 

I to introduce and remove generator D from circuit by 

I changing the position npon blocks S S' of the sliding 

I connections R R'. When the connections R R' are in 

' the position shown, the circuit of the distributing mains 

is from connection R' to stud S'j and generator D; thence 

through generator C, and relay-magnet Gr, to the system 

of lamps Z ; thence by way of stud S'g to connector R'. 

I The circuit of the exciting-machines is from connection 
R to stud Sj ; thence through exciting-machine F, the 
coils of magnets B and A and exciting-machine E to the 
lower regulator-plate M^ ; and thence by way of resis- 
tances O to another plate, M, the connecting-ami N, and 
Btud S, to the connection R. The amount of current 
flowing through the coils of relay-magnet G is propor- 
tioned by an adjustable resistance Y. As lamps ai'e 
added to the eu-euit of the main the arm N falls, and by 
thus removing resistance from the circuit of the exciting- 
^U machines the intensity of the field of force of the gene- 
H rators is increased, and more curi'ent is supplied to the 
H mains. When lamps are removed from the main by 
B short-circuiting them, there being less resistance in the 
B main and correspondingly less current required, the arm 
■ N rises, and the fields of force are weakened ; and when 
H the requirements of the circuit are reduced to the capa- 
city of a single generator, the pins Q Q' throw the con- 
nections R R' upon the pieces S S', Nos. 1 and 2 ; 
generator D and exciting-machine F are removed from 
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the circuit, and power is no longer e3:pended in drivi 
them. The arm N falls to a point upon the plates M at 
which the intensity of the field of force of generator C is 
maintained at the proper intensity. The gaJvanic 
tery K actuates the valre mechanism of magnets F 
according aa lever H establishes connection with contac 
screw I or J. 

Such a system of regulation, it wiU readily be seen, is 
of indefinite variability, and it is apparent that, disre- 
garding the one element of friction, the power expended 
in the production of current is almost proportional to 
the value of the current produced. 

The proper construction of the distributing-mains is a 
matter of great importance, and it is not likely that the 
best construction will be found without the aid of prac- 
tical experience. In insulating qualities the degree of 
perfection of telegraphic conductors need not be expected 
and should not be required. The mains, especially in 
cities, should be laid under ground ; otherwise the liabi- 
lity of interruption is considerable. With an insulated 
copper conductor enclosed in an iron tube, the construi 
tion is efficient, compact, and simple ; and all that 
mains to be done is to protect the iron from oxidizatii 
and bury the whole well under the surface of the earth. 
At the central station the insulated conductor is connect- 
ed to one pole of the generating appamtus, to the other 
pole of which the enclosing-tube is connected. At the ter- 
minus of the main the enclosing-tube and the insulated 
conductor are connected togetlier. Thus the circuit of 
the main is from the generating apparatus, by way of the 
copper conductor, to the distant end of the main, 
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thence by way of the enclosing-txibe back to the gene- 
rating appamtus. The tube being of iron, its masa per 
foot of length should be seven times that of the enclosed 
copper conductor. 

In order to divert the current at any point along the 
route, the main Is cat, and its ends enter the sides of a 
xnetal box provided with a removable cover. By means of 
cjrdinary elbow-joints each end of the copper conductor 
is connected with an insulated branch conductor at right 
angles to It^ which branches are also enclosed in a tube 




entering the box (Fig. 88). After the connection is 
made the box is sealed by filling it with any insulating 
cement impervious to moisture. 

By means of improved machinery the manufacture of 
insidated conductors, suitable for the purposes of elec- 
tric lighting, has been made commercially successful. 
We shall not attempt to decide the respective merits of 
the methods employed, whose efficiency will be best de- 
termined by experience and after long-continued use. 
One of the recent improvements, devised by Prof. Eaton, 
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consista in passing the copper wire through an insuhit- 
ing material in a viscous state, and thence through a 
tuiae around the mouth of which a stream of melted lead 
is caused to flow (Pig. 89). The insulating material is 
contained in the cavity A, and the molten lead in the 
chamber B, The flow of lead thiough the annular space 
between the opening in the chamber B and the mouth of 
the tube C is produced by the pressure of a steel 
plunger, D, operated by an hydraulic press. The result 
IB a compact and perfect covering of lead around the in- 




Ftg. S9. Apparstue of Prof. Eaton. 



snlated conductor ; and it does not appear that 1 
any immediate limit to the number of separate insulated 
strands of copper that may be thus enclosed in a single 
tube, although, in the manufacture by Prof. Eatqafl 
thus far only seven strands have been insulated. ^| 

The questions which arise regarding the limit of ex- 
tension of any distributing system cannot yet be an- 
swered in a satisfactory manner. To operate from one 
station ten, fifty, or one hundred thousand lamps may 
be considered a mere matter of engineering skill, but the 
limit of the capability for extension of any system muj 
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, be decided by considemtionB ot cost and practicality. 

' If the lamps to be operated are dist-ributed over a sec- 

' tion such as would be included in a circle one mile in 
diameter, vdth the generating station located at a centiul 
point, there may be said to be no real difficulties in the 

' way ; but when we attempt to extend the lighting area 
the questions of cost then arising are not easily met, and 
in turning from them we are brought face to face with 
questions of practicability. The resistance of a circuit 
external to the lamps and generators is in the mains ; and 
in order that current may be conveyed with a minimum 
of loss, it is necessary that the resistance of the mains 
shall be, if not nil, at least inconsequential- If we double 
the radius of a distributing system, we must double the 
length of each main ; and in order that the resistance of 
the mains shall not be increased, we must double the 
mass of metal composing them. Thus we quadruple the 
cost. It is true, also, that we quadruple the number of 
mains in order to cover the quadrupled area; but this 
should not properly be talten into consideration, for it is 
aasuraed that only the same number of lamps is operated 
upon each main in the enlarged as in the original sec- 
tion, and tliat all the mains radiate in sensibly straight 
lines from the distributing station. Increasing the ra- 
dius of lighting area to two miles again quadruples the 
cost of each main ; so that it appears that the coat of 
mains alone, necessary to conduct the current for a given 
number of lamps, is sixteen times greater when the dis- 
tance from the distributing station to the most remote 
lamp is two miles than when it is but half a mile. For 
this reason it is extremely improbable that the transmis- 
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sion of electricity to any great distance will ever be i 
tempted. 

If it were possible to increase the delivering capacitj 
of a eonductoi' Indelinitely by increasing the electro-mo- 
tive force of the current, it might be practicable to con 
vey the power of Niagara Falls to the Atlantic seaboard ; 
and if it were possible to devise any arrangement for 
using the ctirrent, it would be possible there to utilize it 
in the production of light in electric lamps and power in 
electric engines. We have already had occasion, in de- 
scribing the connection of electric lamps in series, to 
speak of the difficulties of insulation. To convey the 
current of a thousand liorse-power a distance of one 
mile through a copper conductor one-quarter of an 
inch in diameter would involve a high degree of per- 
fection of insulation in the conductor, and the conse- 
quences in loss of life from accidental diverting of the 
current through the person between the generator and 
the mile terminus would be such as to prevent its em- 
ployment in any coiimuinity. To extend the conductor 
a distance of five hundred mUes, Involving an increase in 
electro-motive force of current of five hundred times, and 
an increase in the cost of the conductor of five hundred 
times, would be to magnify the error, the danger, and 
the impracticability five hundred times. No generator 
or series of generators which would not short-circuit the 
current within themselves could ever be devised. 

The cost of a quai'ter-inch copper conductor laid and 
insulated for ordinary currents is about $1,350 per mile ; 
for a distance of 500 miles its cost would be $660,000, 
and the cost of maintenance would be per annum- 
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Depreciation at 5 per cent. , , 
Interest on investment at 7 per cent,, 



Total, 



$33,000 
46,200 

$79,200 



Leaving out of consideration the cost of maintenance 
of water-power and the wear and tear of electilc genera^ 
tors, and considering only the cost of steam-power in 
large engines, which may be stated as four-fifths of a 
cent per hour i)er hoise-power, we are led to the conclu- 
sion that the cost of local steam-power is less than would 
be the cost of these long insulated conductors alone. 

A necessary adjunct of any general distributing sys- 
tem is the electric metre, an instrument designed to re- 
cord or indicate the amount of current consumed. Seve- 
ral methods of measurement have been devised, the most 
simple of which is the invention of Mr. Edison (Pig. 90). 




The Edison metre is based upon the principles of elec- 
trolysis. A fractional part of the current supplied to 
the circuit of a lamp, B, is diverted to a bath, A, of sul- 
phate of copper in solution by way of the electrodes 
D E. The proportion of current thus diverted is regu- 
lated by an artificial resistance, C ; and in order to de- 
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teitoine the quantity of current consamed in a lamp in 
any periotl of time, all that is necessary is to deduct the 
weight of the cathode before its introductioc into the 
bath from its weight after removal from the bath, and to 
multiply the remainder by the number of times the re- 
sistance of the lamp-circuit is contained in the resistance 
of the cux:uit C D E, the electrolytic action of unit cur- 




i 



rent being known. For the R of B being 1 ohm, and 
R of C D E being 1,000 ohms, the lamp receives \Ui- 
of the current, and the electrolytic bath tiVt P^- 
arranging in a suitable receptacle a sufficient number 
the baths A, each connected with a lamp, the value of 
the current supplied to any number of lamps may be. 
accurately determined. 

The Fuller metre, designed for the measurement 
alternating currents, is shown in Fig. 91. The pi 
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of this metre is to automatirally register the number of 
hours during which a lamp is operated. Two electro- 
magnets, so wound and connected as to ijroduce the 
jHilarities indicated, are placed in the circuit of the lamp. 
A polarized steel airaature playing between the poles of 
the ma^ets in connected, by way of the annature-lever, 
■with ratchet-and-pawl mechanism, Clianglng in polarity 
of the electro-magnets, produced by the alternating cur- 
rents supplied to the lamp, serves tcrkeep the armature 
in vibration, and thus to rotate a train of registering 



The Sawyer metre, Fig. 9'2, is also a time metiv. It 
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serves to register the time during which a lamp is in use 
and since the unit strength of current and the require 
ments of the lamp are known, it is easy to detennine the 
value of the current used. By means of ratchet-and- 
pawl mechanism the motion of the armature of an elec- 
tro-magnet is communicated to a set of dial-hands which 
are so arranged as to indicate the current consump- 
tion or the candle-light resulting from such con- 
sumption. A shaft, E, continuously rotated by a bi 
"weekly or monthly chronometer, carries two inaulatei 
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Springs, P, which are in elecMcal connection with the 
coils of the registering magnet, and alternately establish 
contact with the opposite pairs of pins, A A, B B, C C, 
D D, thus diverting a small fraction of tlie current sup- 
plied to lamps A' B' C D' through the coils of the mag- 
net, each contact of the springs with a pair of pins ener- 
gizing the magnet and causing the ratchet-wheel to move 
one tooth. For every lamp added to the circuit there is 
an additional pair of pins. If only one lamp is in use, 
the springs F energize the magnet but twice in a revolu- 
tion of the shaft ; if two lamps, four times ; if all the 
lamps are in use, the latchet- wheel is kept in constant 



Fig. B3. Edison's Saletj B 



motion ; therefore the record of the dial-hands is as ex* 
act when one or two are in use as when any other num- 
ber of lamps is in use, and to determine at any time the 
consumption of current it is only necessary to note the 
position of the dial-hands. A more complete metre, to 
register the variations of current consumed in each lamp, 
has been devised, and finds special applicability in a 
series- multiple system ; but enough lias been written to 
indicate the methods of measurement that are most 
ly to come into use. 

To preserve the continuity of a circuit in case of 
dent, and to obviate the dangers of short-circuiting, 
there are several devices of about equally practical ap- 
plication. In the Edison system of distribution obv 
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Ition of a short-circuit is the one tiling necesaaiy, and to 
this end a section of the circuit of a, lamp is composed 
of a small conductor (Fig. 93), whicli under ordinaiy 
circumstances is unaffected, but which, when there is an 
abnormal flow of curi-ent, is instantly fused.* 

To the same end we have the Sawyer-Man Safety- 

[ Switch (Fig. 94), operating as follows : The cuirent, in 

[ la^versing a branch, enters by way of a broad, flat 

epring and a lever whose movement is stopped by a 

projection on the end of the armature-lever of an electro- 



-/^^ 




Fig.W. Sawjcr-Mim 8»(ety-S«-i 



magnet included in the circuit. When the flow of cur- 
rent through the branch is normal, the magnetic force 
developed is insufficient to move the armature, and thus 
to release the lever ; but when, from any cause, there is 

•In Mr. Edisoo's description ot this appliance he saya ; "This small 
condactor has such a degree of conductivity as to readily allow the passage 
ot tbaainoaiit ot current designed for its particular branch, but no more. 
If, from any cause whatever, nn abnormal amonnt of eiirretit, large enough 
to injure the translation devices or to cause a waste of energy, is diverted 
throngh a branch, the pmall safety-wire becomes heated and melts amny, 
breaking the overloaded branch-circuit. It is desirable, however, that the 
! few drops of hot molten metal resulting therefrom should not be allowed to 
fall upon carpetR or furniture, and also that the small safety-conductor 
should be relieved of all tensile strain; hence I enclose the safety-wire in a 
Jacket or shell of non-conducting material, which, preferably, is gcreTnud to 
the ends of the large conductors, uniting them, not electrically, bat as to 
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an excessive flow of current through the branch, the ar- 
mature is atti'acted beyond the force of its retracting 
spring, and the lever through which we obtain the cir- 
cuit is released, and thus the circuit of the overload«fl 
bmnch is broken. fl 

In the Brush and the Sawyer systems preservation 
of the continuity of the cli'cuit, rather than its automatic 
interruption, is the end sought. In the Brush system 
the circuit is through the lamp and, by way of a shu: 
through the coils of an electro-magnet, whose arraatt 
lever operates to short-circuit the laniii when the circui 



o 
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of the lamp is inteiTupted. In the Sawyer system the 
circuit is first through the coils of an electro-magnet and 
then through the lamp, and when the circuit is inter- 
rupted the armature-lever, being no longer attracted, 
falls and establishes a short-circuit around the lamp 
(Fig. 9B). 

The Sawyer differential majniet device (Pig. 96) has 
special application in a series-multiple system of distri- 
bution. The circuit from the -(- point is a divided one, 
one-half of the cuiTent flowing in one direction around 
the core of magnet A. and the other half flowing in the 
opposite direction aronnd the core, the divided circuit, 
including the lamps I, uniting and terminating at the ~—^ 
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point. Thus, when the cii-cuit of each lamp is perfect, 
the magnetism in magnet A. developed by the cuiTent 
iiowing in the ch'cuit of one lamp, is neutiulized by the 
magnetic effects of the current Howing in the cu-ouit of the 
other lamp, and armature B, attached to lever C (which 
' is pivoted at D and ordinarily retracted by spring E to a 
contact with stop-pin F). is unaffected. When, however. 




an interrui)tion of either circuit occurs, the neutralizing 
magnetic influences of the cuiTent upon the magnet A 
no longer exist, armature B is attracted by the magnet 
A, and by way of contact face-platea G one-half of the 
carrent is diverted to the artificial resistance H. In case 
of intermption of the circuit of the other lamp, the en- 
tire current passes, by way of the core of magnet A and 
contact-plates G, through the resistance H. 




npHE light of an incandescent lamp has been shown to 
be suitable in every respect for domestic use. Its 
characteristics are the characteristics of daylight. In 
Bteadiness it is comparable only to the light of the siin. 
No other artificial light, not excepting that of the best 
Argand burner, is as steady. This is not only true of 
the Sawyer lamp, but of all other lamps in which com- 
bustion of the carbon is prevented ; and when carbon is 
raised to the temperature of limpid incandescence, there 
is no difEerence between the light evolved and that which, 
proceeding from the sun, is diffused and softened by the 
stratum of air it ti-averses. The heat radiated is miich 
less than that of gas-light of equal power. The noxious 
vapors proceeding from the combustion of illuminating 
gas disappear. No chemical action takes place, biit her- 
metically sealed in its crystal chamber, protecting from 
danger of lire and explosion, a fragment of carbon glit- 
ters and glows, rises to the light of a taper, brightens 
and broadens, and finally illuminates with the effulgence 
of day. This is what the incandescent light should be, 
and what it is under proper conditions. 

There being no question as to the adaptability o 
new illnminant to all the purposes of interior illan: 
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tion, the other and most important question that arises 
is one of economy. Is this light, which is better than 
gas-light, as clieap as, or cheajwr than, gas-light i 

In the experiments at the South Foreland light-house, 
conducted by Prof. Tyndall, it was shown that the new 
Siemena or Haf ner- Alteneck machine developed a fraction 
over 900 candle-light per horse-power exi>ended in driv- 
ing it, and in one case 1,254 candle-light. We will take 
the minimum accomplishment as a safe basis for our cal- 
coJations. 

In the best steam-engines the consumjition of coal jier 
hour per horse-power is two pounds, costing, at five dol- 
lars per ton, one-half cent. One pound of coal yields 
five cubic feet of gas, and, therefore, the coat of one 
cnbic foot of gas is one-twentieth of one cent. To pro- 
duce the light of 450 candles by the llafner-Alteneck 
machine involves the consumption of one pound of coal, 
costing one-quarter cent. To produce equivalent light 
irom gas. at a mte of consumption of live cubic feet per 
15 candle-light, we must burn 150 cubic feet, and the 
cost of production, at one- twentieth of a cent per cul»ic 
foot, or fifty cents per thousand, is seven and one-half 
cents. Tims the cost of the electric light is, as to fuel- 
oonsumptiou, but one-thirtieth the cost of gas-light ; but 
there is an advantage, in the resi)ect of coke recovei-ed iu 
the retort, in the case of gas, which may be said to in- 
crease the cost of electric light to one-fifteentli the cost 
of gas-light. 

One cubic foot of coal-gas equals 690 heat-units, or 
832,660 fixtt-pounds, and live cubic feet equal 2.6fi3,40i) 
foot-pounds. One hoi-se-power equjds 1,98i>,ihmi foot- 
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pounds. The five cubic feet of gas, burned in the boiler" 
of a steam-engine recovering ten per cent, of the energy 
conserved in the gas, will yield in mechanical force 
tWsWit horse-power, which would develop in the el« 
trie lamp a light of 120 candles. Burned in a gas-bum« 
it develops but 15 candle-light. Therefore it is cheap 
to convert coal into gas, and the gas into steam-power, 
and the steam-power into electricity, and the electricity 
into light, than it is to produce light by the direct c 
sumption of gas. 

In this it will be noted that the cost of lighting by t 
voltaic arc is alone considered. We have now to com- 
pare with this cost the cost of lighting by incandes- 
cence. 

The tests of the Konn and Bouliguine lamps, made t 
M. Fontaine, gave a development of eighty Carcel burl 
era from the current which in an arc lamp prodiiced a 
light of one hundred burners. Our own experiments, 
with pencils heated to intense incandescence, have 
shown a development of but seventy per cent., as against 
eighty per cent, recovered by M. Fontaine. In order 
that the lamp may be lasting, however, the development 
from the same current should not much exceed fifty per 
cent, of the light of the arc* Thus, light by incandes- 
cence is twice as costly as light by the voltaic arc ; hence 
it may be stated that, taking the estimates above giva 
the cost of incandescent lighting is about one-seventhtf 
cost of gas-lighting. 
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• We have shown in Chapter III. a deyelopment by incandescence of 375 
oaTidle-tight from the current which, in the Toltaio arc, yielded a tight of 
SOO candles. 
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In the estimate of cost of the voltaic-arc light, we have 
"not included the cnnBtimption of carbon in the lamp, for 
the reason that in incandescent lamps the carbon is pre- 
served fixjm consumption ; and we have only introduced 
the subject of voltaic-arc lighting in order to exhibit 
the verified resnlta obtained by Professor Tyndall and 
others. 

We have not yet considered the cost of plant or the 
cost of attendance in either the gas system or the elec- 
tric system of lighting, and we have allowed but 50 cents 
per thousand cubic feet as the cost of gas, whereas in 
New York City the average cost of gas-production, all 
items of expense included, is 70 cents per thousand, and 
the leakage 8 per cent., while the cost to the consumer is 
$2 25 per thousand. 

The following figures relate to the business of New 
York gas corporations : 

Capital invested, $20,000,000 

Gross sales per annum (cubic feet), . . 2,400,000,000 

Cost of gas (70 cents per M.), - - • $1,680,000 

Interest on capital, at 7 per cent., . . 1,400,000 

Taxes, 600,000 

Wastage (8 per cent.), .... 134,400 

Total, . $3,714,400 

Gross receipts, 6,400,000 

Leaving a net profit, over 7 per cent upon the capital in- 
vested, of $1,700,000, or a total net profit of 15^ per 
cent. 
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The cost of lighting has almost invariably been uii-"l 
fairly stated by the* gas interest on the one hand and J 
by the elertric-liglit interest on tlie other. The state- j 
ments of the former have been based upon the work' I 
ing of small steam-engines, and the cost of runnin^l 
them, always excessive, and the cost of attendance, 1 
also excessive because confined to a limited develop- 1 
ment of light ; whereas with large steam-engines- 
gines of fiOO horse- power and upward — the cost per horae- J 
power is less tlian one cent per hour. Instead of taking! 
the cost of gas as the basis of calculation, the electric- 
light interest has considered only the cost to the con- 
sumer, which is no more to be considered the cost than 
the retaU price of any production is to be considered the 
cost of that production. Furthermore, the gas interest 
has invariably urged the cost of the conducting-wires aa' i 
an insurmountable obstacle to the general use of 
electric light, basing its conclusions upon the sizes of th 
wii'e employed in special uses of voltaic-arc lamps whemfl 
the utmost utilization of the current develojwd has I 
attempted. 

In no case will the cost of electric mains equal the cost I 
of gas mains. In most cases it will fall below fifty pa 
cent, of the cost of gas mains. In no case will the t 
of bi-anch electric conductors equal the cost of branoti 
gas conductors. 

In calculating the cost of electric conductors, the tol-i 
lowing table will be found of use : 
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Size, Weight, and Resistance of Copper Wire. Specifk 
Gravity, 8.9. 




puuofjuiin'h. 


W.i»hli«E™n.p.r 


Niimbtr of f«l per 


cop^^trS.V|fK^. 






3»573 
"34 

083 
065 
049 

SI 

035 


1,245. 
379.93 
251.37 
145-76 
89.397 
50.B03 

16.589 
13.224 


.330828 
3- "803 
I8.4S5 

27.214 
48.033 
78.30 

137-79 
370.06 

431.97 
!a9.38 


.010344 
.097501 
.576131 
.870786 
1.50166 
2.4484 
4.3080 
3.6416 
13.1951 
16.552 


Iron wire, galvanized, in order to have tlie same con 
dnctivity as copper wire, should weigh about six times 
88 much as copper wire per foot. The resistance 
iron wire per mile, at 60° Fahr., is, in ohms, 395,000 
divided by the square of the diameter of the wire in 
thousandths of an inch. The weight of iron wire per 
Kmile is the square of the diameter of the wire, in thou 
nandths of an inch, divided by 72.15. 

The resistance of iron wire increases about .OOST) foi 
each degree Fahr. above 60°. 

The resistance of copper wire increases about .0021 for 
each degree Pahr. above 60°. 

The question of transmitting electricity (continuous 
carrent) to a distance is purely one of resistance of the 
conductor; and when the resistance of the conductor 
leading to the lamp-circuit is low enough to permit a 
satisfactory per cent, realization in the lamp-circuit, 
that conductor, whether of iron or copper or other 
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metal, and whatever Its size or cost, is all that is ' 
needed. 

We have shown in Chapter IX. that in a series-mul- 
tiple system of 10,000 lamps, the resistance of the main 
conductor may be as high as one ohm, and yet permit 
the utilization as light of eighty per cent, of the current 
generated. We find by the table of resistances that this 
conductor, leading a distance of one mile from the sup- 
plying station and returning thereto, making its total 
length two mUes, would be substantially ^pWi of an 
inch in diameter, or less than one-third of an inch. As 
the resistance of 1,000 feet of this conductor is .097501 
ohm, the resistance of two miles of it, or 10,560 feet, 
would be exactly 1.039 ohms. The cost of this conduc- 
tor, as copper at thirty cents per pound, would be 
$1,016 10. The cost of a copper conductor, one mile in 
length, and a return conductor consisting of an iron 
tube of equal resistance per foot length, would be about 
1900. Insulated as a roand copper wire, one mile long, 
in an iron enclosing-tube, the cost would be about $1,000, 
or twenty cents per foot.* 

But here we are brought to the consideration of an- 
other question, and one of decided importance — viz., the 
heating of the conductor by the ciirrent traversing it ; for 
it will receive and waste aa heat one-twenty-tifth as 
much current as is used in the lamps, or the heat of 400 
lamps, and the surface of the outer tube exposed to 
earth-conduction is not sufficient to prevent a considera- 
ble rise in temperature, with consequent waste of cur- 
rent, equivalent to leakage in a gas system. As much 

* As the prices of idetals thunge this estimate must bfi changed. 



heat wo«ld be developed in each section of the conduc- 
tor thirteen feet long as would be developed in a single 
■lamp, which, altliough small in itself, owing to the poor 
leat-conductivity of the earth, would soon appreciably 
increase the resistance of the conductor. In order to 
obviate any difficulty from this source, and to realize a 
igreater economy of working, it is well to increase the 
i«ize of the copper conductor beyond the actual require- 
ments — ^in this case, say, to a diameter of .65146 inch— 
land thus to quadruple its conductivity and cost, and to 
increase the diameter of tlie enclosiug-tube in propor- 
tion. 

We thus reduce the resistance of the main to .25 ohm, 
the waste of current to that of 100 lamps ; and not 
»nly is the lateral cooling-snrface doubled, but the 
ength of main through which the heat of a single 
amp is distributed is 52.8 feet, comparable to 105.6 feet 
of the smaller main. The result is that the very slight 
beat developed by the current is dissipated, and tliere 
is no appreciable increase in the resistance of the main. 
le cost of such a main, per mile, would be as foUows : 

Copper, at 30 cents per pound, .... $3,032 
Iron tubing, at 3 cents per pound, . . . 1,036 
Insulation, 150 

Total cost of electric main, per mile, . . $3,208 

t of eight-inch gas main, at 3 cents per pound, $6,660 

It will thus be seen how little foundation there is for 
lie absurd estimates from time to time published con- 
ing the oast of elertric ci inductors. By reference to 
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the table of resistances, the reader may accarately deter- 
mine the cost of the main necessary for any number of 
lamps, and the percentage of waste in the same. In the 
case of a system of 10,(X)0 lamps, the waste of current 
in the mains is almost exactly one per cent., while the 
leakage of a New York gas system is eight per cent. 

By far the greater portion of the plant of a gas system 
is in i>oorly-payiDg, or comparatively poorly-paying, dis- 
tricts. In the lighting of houses where very little gas is 
used, and in large sections of boi-der teiritory, there is 
but little and sometimes no profit. The profits of a gas 
system aie in the lighting of factories and large business 
houses, stores and hotels, halls and theatres, and the 
wealthier parts of a city where the most of the gas pro- 
duced is consumed. The area of New York City is about 
sixteen square miles, but the most profitable territory 
would be within the lighting area of eight electric sta- 
tions, each covering one .square mile of territory. 

In all places where power already exists, the cost of 
electric lighting is the cost of the extra coal consumed 
in the engine, interest upon the investment in lamps 
and genei'ators, and the cost of occasional renewal of the 
lamps. 

If electiic lighting by incandescence is as cheap as, or 
cheaiier than, gas lighting, a comparison of the cost of 
operating a gas system with the cost of operating an 
electric lighting system will demonstrate the fact. If 
electric lighting by incandescence is the more costly, the 
comparis(m will demonstrate that fact. 

We will take a section of four square miles of New 
York City, from the better-paying portion of the city. 
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Thns it will be as favorable for gaa lighting in propor- 
tion aa the better-jiaying portion of any city is favor- 
able for gas lighting. And it will be favorable for 
electric lighting as it is favorable for gas lighting. 

We will Jii-st consider the cost of the gas system. 

The investment in the gaa plant for sixteen square 
miles of territory is $20,000,000, as ali-eady shown. The 
investment for four square miles, where there is the 
largest consumption of gas, is more than one-fourth of 
this amount, for the cost of the mains is greater, and the 
cost of machinery and real estate is very much greater, in 
prijjKirtion. We will consider the investment as $6,000,- 
000, and the gas-production as 4,000,000 cubic feet per 
day. The cost of operating this system per annum is 
as follows : 



Interest on investment, at 7 per cent, 

GJas-production, 1,460,000,000 cubic feet per 
annum, at 70 cents per M., which is inclu- 
sive of all connected expenses, . 

Wastage of gaa, at 8 per cent., 

Taxes, 

Depreciation of plant, at 6 per cent., 



$420,000 



1,022,000 
81,760 
150,000 
3(W),000 



Total cost per annum, .... $1,973,760 
Gross sales (wastage deducted), 1.343,200,0<MI 

cubic feet, at $2 2.^ per M $3,022,200 

Profit over 7 per cent, on capital, . . . 1,048.440 

Deducting 8 per cent. leaJtage from the 4,000,000 cubic 
feet of gas used per day leaves 3,680.000 cubic feet util- 
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ized in light-production, which would allow an average 
use of 184,000 6-foot burners four hours daily. We are 
to compare this consumption of gas in gas-lighting with 
steam-power consumption in electric lighting ; and as in 
the new development of electric lighting we do not con- 
sume ijower except as light is needed, and as more or lesa 
light is needed throughout the twenty-four hours of each 
day, we may employ almost any number of hours as the 
basis of calculation. Taking the high average of 12 can- 
dle-light per burner [see Edgerton's certificate, Chapter 
VII.], we find that the total light obtainable from 184,000 
burners is 2,208,000 candles. These burners are not dis- 
tributed among 184,0lX) different apartments, but there 
are, say, 1,(W0 apartments, as stores, dining-rooms, etc., 
averaging 30 burners each, 1,000 averaging 10 burners 
each, 10,000 averaging 4 burners each, 15,000 ol 3 burn- 
ers each, and 74,000 of 1 burner each, distributing the 
light among 101,000 ajmrtments. It may be said that at 
certain hours there are more than 101,000 separate apart- 
ments lighted, and at other hours less. This is true, but 
the electric-lighting system, which consumes ix>wer in 
proportion to the requirements of the system, is capable 
of expanding and contracting the supply of electricity, 
just as the gas system is capable of expanding and con- 
tracting the supply of gas, and just as economically. It 
costs less to get 100 horse-power out of an engine capable 
of developing 200 horae-power than it costs to get 100 
horse-power out of a 100 hoi-se-power engine. 

In another chapter we have explained the economy 
of incandescent lamps of large foci as compared with 
those of small foci. Thus the current generated by thi 
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expenditure of from one-half to one horse-ijower produces 
in a single lamp a light of S75 candles ; the current gene- 
rated by one horse-power produces in two lamps in series 
a light of 120 candles jier lamp ; in three lamps, 60 candles 
per lamp; in four lamps. 30 candles jter lamp; in Are 
lamps, from 10 to 15 ciindles i>er lamp ; the increasing 
external resistance and the gi-eater percentage of current 
utilized as light, together with the easier motion of the 
generator, when the number of lamps is increased, ac- 
counting for the proportions given. 

In order to supplant the 184,000 5-foot burners of the 
gas system, we must employ 103,IX)0 electric burners, dis- 
tributed and requiring jjower to operate as shown in the 
following table (page 180), which also shows the distribu- 
tion, power, and consumption of gas-burners. 

It will be noted that these figures are not founded upon 
a realization of from 10 to 20 lights, of 10 candle-power 
each, per horse-power of force exi)ended in driving the 
generator, but upon 

3 lamps of 120 candle-power, or 

3 lamps of 60 candle-power, or 

4 lamps of 30 candle-power, or 
6 lamps of 10 to 15 candle-power. 



In farther division there is great loss. We have never 
obtained more than 17 lights of 12 candle-power each per 
three horse-power, and this only in laboratory experi- 
ments under favorable conditions ; nor can very much 
more ever be obtained from magneto or dynamo-electric 
generators. Further economical division is to be looked 
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for throngh increased efficiency of steam-engines or other 
mechanical powers. 

In lamjis of large foci we find the greatest economy ; 
but it is apparent that, whether we operate lamps of large 
foci or lamps of so small foci as 10 to 15 candle-power, 
the cost of the electric light is less than the cost of gas- 
light, with gaa at seventy cents per thousand and steam- 
power at one cent per hour per hors»?-power. But we 
will now consider the total cost of plant and operating 
and maintaining an electric-lighting system equalling 
in light-production a gas system using 3,680,000 cubic 
feet of gas per day. 

The following is the investment per station supplying 
a territory of one square mile : 



14 modem steam-engines of 500 horse-power 

each, $70,000 

Modem improved boilers for same, . . 50,000 

20 lai^ dynamo-electi-ic machines, . . 80,000 

Beal estate and appurtenances, . . . 100,000 

25 miles of mains, at $3,000 per mile, . . 75,000 

Laying of mains, at $1,5(X) per mile, . , 37,500 



L 



Total per station, $412*500 

Four stations, with plant complete, . . $1,650,000 

Total horse-power 38,000 

The operating expenses of each station per day would 
be aa follows : 

1 chief-engineer, ...... $5 00 

2 assistant engineers, ' 6 (X) 

3 second assistant engineers, at $2 50. . . 7 50 
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8 Stokers, at Jl 60, $12 00 

1 electrician, 5 00 

1 assistant, 2 00 

40 tons coal, at H 35 in bunkers, . . . 174 00 

Oil, waste, et«., 10 00 

Total per day, $921 50 

Total for four stations, .... $886 00 

These engines would consume two jjounds of coal per j 
hour per horse-power, which for four hours' run, and a ■ 
development of 6,0011 horsepower per station, would 
make the consumption in four hours 24 tons ; but, not- 
withstanding the fact that the consumption is in almost 
direct proportion to the current requirements, we have 
thought best, as more or less power will be used during i 
the entire twenty-four hours of the day, to increase the 
estimate of coal consumption 66| per cent. In prac- 
tice the consumption would fall considerably below 40 
tons, but we have in all cases preferred to make tlie at- 
lowance excessive. 

The mains are calculated, not fi-om centrally-located 
stations, but from stations located upon the outskirts of 
the temtory to be supplied. 

We have not yet taken into consideration the cost of ^ 
renewal of tlie electric burner, which varies according to : 
the system employed. In the Sawyer lamp, which is re- 
newed without destroying it, the cost per renewal is from } 
eight to ten cents. The average frequency of renewal j 
per lamp (combining in the consideration lamps of all 
foci) is once in three to four months. Tliere is claimed J 
for the Edison burner a life-time of six months. 
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^ In recapitulating the cost of electric lighting per sta- 
ion per year, we obtain the following i-eault : 

Interest on investment, at 7 per cent., . . $38,875 00 
Depreciation of plant (real estate and ap- 

t piirtenances, and mains), at 5 per cent., . 8,760 00 
B)epreciation of engines, boilers, and gene- 

f lators, at 10 per cent., .... 30,000 OO' 

•Hax.es, 10,312 60 ' 

Cost of operating, at $221 60 per day, . . 80,847 60 
[ renewals of 26,760 lamps, at 10 cents per 

renewal 10,300 00 

Total per station, $159,085 00 

Total for the four stations, . . . $636,340 00 
I against a total cost per annum by the gas system of 
*1, 973,760. 

At a rate of $1 12^ per thousand for gas, the gross re- 
«eipts of electric lighting would be $1,511,100, or a net 
profit, over and above 7 per cent, upon the capital in- 
vested, of $874,760, or a total net profit of 60 per cent. 
To be as cheap as electric light, gas must be manufac- 
tured, aU items of cost and management included, at as 
low a rate as twenty-three cents per thousand cubic 
feet, without deduction for leakage. We have, however, 
perhaps overlooked the fact that while from the gas sys- 
tem we obtain a total light of 2.208,000 candles, we 
obtain from the electric system a total of 2,455,000 

ndles. 

In order that the matter of econtmiy may be made 
I clearer, let it be assumed that we can accomplish 
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but fifty per cent, of what is shown and what has been 
done with the electric light — that with an expenditure 
of one horse-power we can only obtain 



1 light of 120 candle-power, or 
1^ lights of 60 candle-power, or 

2 lights of 30 candle-power, or 
2J lights of 10 to 15 candle-power. 
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The cost of the engines and boilei-s would be dou- 
!>led ; that of the generators and remainder of the 
Ijlant would remain as before. The investment would 
he increased fi-om $412,500 per station to $532,500 per 
station, and the cost of operating (in coal-consnmption, 
et«.) would be increased from $221 50 to $415 50 per 
day. The table of cost would then stand as follows : 

Interest on investment, at 7 per cent., . $37,275 
Depreciation of plant (real estate and ap- 
purtenances, and mains), at 5 per cent., . 8,750 OO' 
Depreciation of plant (engines, boilers, and 
generators), at 10 per cent., , . , 32,000 00 

Taxes, 13,312 60 

Cost of operating, at $415 50 per day, . . 151,657 60 

Renewals of lamps, 10,300 00 
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Total per station, $263,295 00 

For the four stations, . . . 1,013,180 00 

as against a total cost per annum by the gas system of 
$1,973,760. 
At a rate of $1 12J per thousand for gas the gross i 

ceipts would be $1,511, 1(H), or a net profit, over ; 
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Sve 7 per cent, upon the capital invested, of |497,920, 
or a total net proUt of 30 i)er cent. 

There can be no reasonable doubt that the electric 
light, which is better than gas light, is cheaper than gas 
Ught. 

In turning from the contemjUation of this subject, it is 
useful to consider that the advances made in electric 
lighting witliin a very few months are of a nature calcu- 
lated to raise our anticipations to a x^oint beyond the 
warrant of actual facts. When we i-ecall to mind that 
from the discovery by Oersted, in 1820, that an electric 
current would deflect a magnetic needle, and from the 
later discovery by Faraday of the phenomena of mag- 
netic induction, we have realized the electric telegraph 
and the electric light of to-day, we may consistently con- 
gratulate the age in which we live; but we should not 
be sanguine that because of all tliis the millennium is 
close at hand. The application of electricity to public 
and private illumination is a realization of the near 
fnture no longer to be questioned. It is not probable, 
however, that electricity will ever entirely supersede 
gafi ; indeed, it does not appear that illuminating ga» 
has materially affected the consumption of illuminating 
oUb. There is room, and will doubtless continue to Ije 
room, for all methods of artificial lighting, and it is not 
likely that for many years to come we shall witness any- 
thing more than the extensive use of electricity — public 
buildings and private residences, streets and squares 
better illuminated than at present, and the new form of 
light keeping pace with the progress of older and well- 
tried institutions. 
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]6mo. Illustrated. Morocco. $1.50. 

The Galvanometer and its Uses ; — A Manual for Electricians and 
Students. By C. H. Haskins. 



Larrabee's Secret Letter and Telegraph. 

38mo. Cloth. $1.00. 

Cipher and Secret Letter and Telegraphic Code, with Hogg's Im- 
provements. By C. S. Larrabee. 
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Rose's Pattern Maker. 

8vo. Cloth. 350 pages. $2.50. 

« 

The Pattern Makers' Assistant, embracing Lathe "Work, Branch 
Work, Core Work, Sweep Work, and Practical Gear Construcions, the 
Preparation and Use of Tools, together witli a large collection of use- 
ful and valuable Tables. By Joshua Rose, M. E. Illustrated with 250 
Engravings. 

Scribner's Pocket Companion. 

16mo. 264 pa^^es. Full Morocco. $1.50. 

Engineers' and Mechanics* Companion, comprising United States 
Weights and Measures ; Mensuration of Superfices and Solids ; Tables 
of Squares and Cubes ; Square and Cube Roots ; Circumference and 
Areas of Circles ; the Mechanical Powers ; Centers of Gravity ; Gravita- 
tion of Bodies ; Pendulums ; Specific Gravity of Bodies ; Strength, 
Weight and Crush of Materials ; Water Wheels ; Hydrostatics ; Hy- 
draulics ; Statics ; Centers of Percussion and Gyration ; Friction Heat ; 
Tables of the Weight of Metals ; Scantling, etc. ; Steam and the Steam 
Engine. By J. M. Scribner, A. M. Eighteenth edition, revised. 



Scribner's Table-Book. 

16mo. 264 pages. Full Morocco. $1.50. 

Engineers', Contractors' and Surveyors* Pocket Table-Book : Com- 
prising Logarithms of Numbers, Logarithmic Signs and Tangents, Natu- 
ral Signs and Natural Tangents, the Traverse Table, and a full and 
complete set of Excavation and Embankment Tables, together with 
numerous other valuable tables for Engineers, etc. By T. M. Scrib- 
, A. M. Tenth edition, revised. 



Modern Meteorology. 

12mo. Cloth. Colored Plates. $1 50. 

A Series of Six Lectures, delivered under the auspices of the Me- 
teorological Society in 1878. 



Plympton's Planisphere. 

Printed in Colors on fine Card Board, and in accordance with Proctor's Star 

• Atlas. $1 00. 

The Star Finder or Planisphere, with Movable Horizon. Ar- 
raoged by Prof. G. W. Plympton, A. M. 
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ScliTimanii's Heating and Ventilation. 

12mo. Morocco, fl.50. 

A Manual op Heating and Ventilation in its Practical Applica- 
tion for the use of Engineers and Architects, embracing a series of 
Tables and Formula9 for dimensions of Heating, flow and return Pipes 
for steam and hot water boilers, flugs, etc., etc. By F. Schumann, 
C. E., U. S. Treasury Dept. Illustrated. 



Clark's Complete Book of Reference foi* Me- 

clianical Engineers. 

Large 8vo. 1CT2 pages. Cloth. $7.50. Half Morocco. $10.00. 

A Manual op Rules, Tables and Data for Mechanical Engineers. 
Based on the most recent investigations. By Daniel Kinnear Clark. 
Illustrated with numerous Diagrams. 



Weyrancli's Iron and Steel Constructions. 

12rao. Goth, $1.00. 

Strength and Calculation of Dimensions of Iron and Steel Con- 
structions, with reference to the latest experiments. By J. J. "Wet- 
RAUCH, Ph. D., Professor Polytechnic School of Stuttgart, with four 
folding plates. 



Jannettaz on Rocks. 

12mo. Cloth. 168 pages. $2.00. 

A Guide to the Determination of Rocks, being an Introduction to 
Litliology. By Edward Jannettaz. Translated from the French by 
Geo. W. Plympton, C. E., A. M. Illustrated. 



Shield's Notes on Engineering Construction. 

12mo. Cloth. $1.50. 

Embracing Discussions of the Principles involved and Descriptions of 
the Material employed in Tunneling, Bridging, Canal and Road Build- 
ing, etc., etc. By J. E. Shields, C. E. 
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Watt's Electro Metallurgy 

12mo. Cloth. fl.OO. 
Electro Mktalluruy, Practically Treated. By Alexander Watt, 
F. R. S., S. A. L'jcturer on Electro Metallurgy, etc. Formerly one 
of the editors of "The Chemist." Sixth Edition, with considerable 
addicions. 



Half rTour.-^ ^vith. Modern Soiontists. 

2 vols. 12ino. Cloth. Illustrated. $2.50. 

Lectures and Essays. By Professors Huxley, Barker, Stirling, 
Cope, Tyndall, Wallace, Roscoe, Huggins, Lockyer, Young, 
Hayer, and Reed. Being the University Series bound up. With a 
general introduction by Noah Porter, President of Yale College. 



Shiank's Engineei?s Pocket Book. 

12roo. Morocco. Tucks. Gilt edge. $2.50. 
The Field Engineer. A handy book of Practice in the Survey, Loca- 
tion, and Trackwork of Railroads, containing a large collection of Rules 
and Tables, original and selected, applicable to both the Standard and 
Narrow Gauge, and prepared with special reference to the wants of the 
Young Engineer. By Wm. Findlay Shunk, C. E., Chief Engineer of 
the Construction of the Metropolitan Elevated Railroad. (In Press.) 



Adams' Sewers and. Drains. 

Oc avo. Clo.h. $i.oO. 

Sewers and Drains for Populous Districts. Embracing Rules and 
Formulas for the dimensions and construction of works of Sanitary 
Engineers. By Julius Adams, C. E. 



McElroy's Papers on Hydraulic Engineering. 

8vo. Paper. 60 cents. 

The Hempstead Storage Reservoir op Brooklyn, its Engineering 
Theory and Results. By Samuel McElroy, C. E. 



Spinoza's Ethics. 

8vo. Qolh. $3.00. 

The Ethics of Benedict de Spinoza. Demonstrated after the method 
of Geometers, and Divided into Five Parts. From the Latin ; with an 
introductory Sketch of his Life and Writings. 
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